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: FUNDAMENTALS OF ARCTIC BLASTING 


This i is the second paper of this nature. The eeeniinn: 1959 issue of the | 


Construction Division carried the er “Ventilated Building Foundations in 
Greenland, by Roger H. Williams. an effort to comply, with the desires 
the Executive Committee of the Construction Division, it is hoped topublish at __ 
least one paper per Journal ‘on some phase of Adverse Weather Construction. % 

In the not too distant future, this division hopes to hold a symposium onthis 
_ important type of work. Capt. Palmer W. Roberts, USNCEC, Chairman of the © 


Committee for Adverse Weather Construction, welcomes all ll papers on this" 


a The | tetiain of materials in blasting may be c classified into (1) the shock 

type, (2) the shear type, or (3) the viscous damping type depending upon physi- 
cal properties of the material and the scale of the experiment. Blast effects me 


are determined by the relation between the energy of the explosion and the mass _ 
of the material to which the energy istransferred. ea 


hy 
_ Experiments have been conducted during the past 10 yrs. by the Corps . 
"Engineers, U. S. Army, on the effects of explosions in rocks, soils, frozen 
_ ground, water, ice, snow, and air. The experiments include both military ae 
commercial explosives | in charges of various shapes ranging in weight from a 


- Note.—Discussion open until July 1, 1960. To extend the closing date one month, a — ; 
written request must be filed with the Executive Secretary, ASCE. - This paper is part tag 
of the copyrighted Journal of the Construction Proceedings of the American 

= 1 Barodynamics, Inc., Wheatridge, Colo. 
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_ Houghton, Mich. in shallow frozen ground. “Ity was continued the following year - 
7 77 in deeply frozen ground at Fort Churchill, Manitoba, Canada. _ The field work 7 


As ‘the work progressed, various shock effects v were measured. For 

ample , the latest experiments, which were done in snow, included seismic > 
‘measurements, measurements of under snow pressure, acceleration, and dis- . 

placement; measurements of the time at which snow was broken fr from the sur-_ 
face above the charge and the velocity of “flyrock” travel. Measurements were 4 
also taken of shock pressure in the air produced by charges detonated below _ 
es; surface, and of shock pressure in the snow produced by charges detonated A 
. in the air. — The instrumentation phases of the test program were supported | 

by Waterways Experiment Station, Corps of 


MECHANICS OF ‘FAILURE | IN BLASTING : 


Rather than attributing blasting action in various materials entirely 

: ~ flection of a shock wave from a free surface, the view held here is that the be- 
havior of materials subject to dynamic loading may be classified into at least 
three different and distinct types depending on the physical sreqeetns of the 

material and the geometric scale of the experiment. 

‘The t three e types a are classified here as: 


type, 2 a disturbance | passes the If 
_ the disturbance travels at a weonny greater thanthe sonic velocity of the ma-_ 
terial it is known as a “shock wave” a An increase in velocity above the sonic — 

oe velocity i is the result of an increase in the density of the material through which - 

the disturbance travels. The pressure in the material rises abruptly at the — 
shock front and decays approximately exponentially behind it. In compressible 

a a substances, the gage pressure declines to negative values before the material — 
-_ returns to its initial state. _ The magnitude of the peak pressure at the shock ~ : 

_ front depends on the physical properties of the material within the range of the — cn 


experiment, the energy of the explosion, and the distance from the explosion to to 
the point at which the peak pressure is measured. Ta Tea A -, 
i If deformation is non-recoverable and has been accomplished without loss | 
f cohesion, the material behaves plastically and the deformation is a | “plastic © . 
_ deformation”. 
loss of cohesion and is an n “elastic ‘deformation’. fracture c occurs, cohesion 
= 


‘ is lost. In blasting, cohesion generally is lost at some stage. The terms “brittle- 


‘ 


acting” and “plastic-acting” are used here to describe the initial behavior of 
the material. Rocks that are -*brittle- -acting” exhibit elastic behavior and store a 
ene energy before failure occurs. Applied to the ideal case, a plastic substance is 
one that dissipates all of the induced energy by internal friction. So far as is . 
_ known at present, ideal plastic behavior does not occur in blasting. a eee «. 


a Most rocks when loaded as ina testing machine deform in part elastically > 


ae = blasting than at rates of loading, such as in atesting machine, it nevertheless — 
a= occurs. _ Accordingly the terms, “brittle- acting” and “plastic - acting” are names | 


the portion of the work done by Snow, Ice, and Perma- 

 § 

, 
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= _ The behavior of rocks in blasting is influenced by geologic processes oe 
“ alteration, jointing and fracturing. 4 The proportion of the total deformation 
; Pf that is non-recoverable is greater in rocks that have been altered by most 
- types | of alteration than in 1 unaltered rocks. _ ‘Pre- ~existing planes of weakness 


" by blasting and modify the size and shape of the excavation. — Because of the 
_ greater homogeneity of frozen ground, ice, and snow in comparison to soils 
a and to rocks, _ evidence has been obtained on the mechanics of failure inb blast- 
ing that otherwise would be difficult to observe. 
The three types of behavior of materials subject to dynamic loading are | 
= in the subsequent photographs. 
~ Shock type behavior is characteristic of brittle-acting solids and is a re- 
st ult of reflection of the shock wave from a free-face. The material fails in 
- ne cio and the planes of failure are dish- -shaped or approximately parallel — 
to the free-face. Failure begins at the free- face ina series” 
of stages back towards the explosion cavity. 
_ Shear type behavior is characteristic of plastic- are- 
_ sult of expansion of the explosion cavity by compaction and gs deformation. 


free- face; and the magnitude of the displacement is related to the magnitude — 


of the peak pressure. The outward displacement is accompanied by the ‘eaing 


, and stretching of the free-face and by shearing failure, which begins at the ex- 
plosion cavity and progresses outwardly intothe materia 
& _ Viscous damping type behavior is characteristic of porous and — 
, _ solide and is due in part to the elastic behavior of the solid and in part to the iS 
air in the voids. The shock wave that passes through a very porous, brittle- — 
acting solid is damped rapidly, and is followed by a gradual rise in pressure 
to a peak several times larger than that at the shock front. Failure | occurs in 
_ two phases: _ the first resembles the shearing type failure characteristic of - = 
plastic- acting substances; the second resembles the phenomenon of elastic re- 
_ bound that is characteristic of brittle-acting substances and is a result of la 
versal in the directionof ‘displacement after the top of the explosion cavity has 
= in shear and the pressure in the medium exceeds the pressure within 
‘Fig. 1 shows | the results of a blast in granite. Tension fractures have formed | ' 
the surface of the rock above the explosive charge. The type of 
fracturing i is characteristic of the behavior of brittle- -acting rocks and is caused o< 
by reflection of the shock wave from the surface. In classifying the rock of 
‘Fig. 1 las “brittle - acting” it may be inferred that itis capable: of storing energy _ 
e during the compression stage. In attributing failure to reflection of the “shock 
a, it is inferred that a shock wave exists and that the disturbance strikes 
the reflecting surface at supersonic velocity. — The term “supersonic zone ” 
therefore may be used to describe the spherically - shaped volume of material 
within which the shock wave travels at supersonic velocity. Experience has — 
_ shown that the limits of the supersonic zone depend upon the energy of the ex- — 
plosive charge, the of the material, and the geometric scale 
of the yes 


— 
— 
at 
— 
. 3 oeh _ the medium behind the shock front is greater than the pressure at the shock . 
a 
a 
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- Fig. 2 shows the reaults ane a blast in ice. awe have formed on verti- 

cal radial planes that pass through the center of the charge and on inclined | 
_ planes at right angles to the radial planes. _ The fracture pattern differs from | 
that characteristic of brittle-acting rocks in that tension fractures parallel to 
the ground surface are subordinate to those 

Pressure- time 1 show that the form of the disturbance in nclose 


zone in brittle-acting rocks. | Aa ‘measurements also show that beyond the 

~ supersonic zone the disturbance changes so that the shock-pressure at the 

front is smallcompared to the peak thatis reached as aresult of agradu- 
the in pressure behind the wave front. 


FIG, 1.—SLABBING IN GRANITE. “SHOCK MECHANICS, 


cavity is displaced outwardly without deformation of the 
- walls of the explosion cavity may ‘not coincide with classical notions of plastic 4 
flow, the walls are hard and there is little evidence that cohesionhas been lost. 
It is evident by inspection that deformation in close proximity to the explosion — 
cavity is not recoverable. Accordingly, the deformation is classed here as a. 
; plastic deformation. The supersonic zone continues beyond the walls of the ex- A 
_ plosion cavity, but the shock wave isdamped rapidly and reaches sonic velocity 
at a shorter distance than in brittle-acting rocks. 
keg Fig. 3 is a photograph that shows the results of a blast - 0.45 density snow. * 
_ Shock effects are secondary to effects associated with the rise and decline of 
pressure behind the shock front because of the damping effect of the medium. . 
§ Shear fractures are localized in a position where outward displacement were 


the =—T = is maximum. The colored columns of the photograph were 
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"ARCTIC 
‘drilled vertically and | were uniformly spaced before the blast. The displace-_ 


ment varies in the same manner as the peak pressure. nehie the interval | 
7 that the pressure rises in the medium, both the peak pressure and the dis- — 
_ placement decreases with distance from the explosive charge. _ The direction — 
& of displacement is outwardly from the _ explosion ‘cavity during the period of 
pressure rise. Fig. 4 illustrates the mechanics of deformation following the 
: stage illustrated in Fig. 3. Venting of the gas bubble is followed by a rapid | 
decline of pressure within the and a in the direction 
of displacement. 


Fic. FRACTURES IN Ice. ‘SHEAR MECHANICS. 


"Blast effects are determined by the relation between the energy of the ex- 
es and the mass of material to which the energy is transferred. The > bo 
chemical composition | and weight of the explosive determine the energy of the 


x explosion. -= space e relations between the charge and the surface determine © 
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_ FIG, 4.—DISPLACEMENT OF SNOW DURING THE PER hieclens 
JOD OF PRESSURE DECLINE, 


j SHEAR FRACTURES IN 0.45 DE} 


. mass of the e material actedu upon before failure and the manner in which the _— 
energy” of the explosion is partitioned either to the material or to the atmos- | 
Ss . The properties of the explosive and the properties of the material are 
dependent rather than independent variables, thus both ees manner — 
os Research has not yet progressed to the stage where the relations between © 
energy, mass, and time can be stated in absolute units. It is possible, how - b. 
ever, to describe blast effects in relation to the weight of the explosive and to 7 
- the stressed volume within which the event occurs. _ Such a description leads 
See of ranges of similar behavior ina wide variety of materials. 
- Similarity i in behavior includes geometric similarity relative (a) to the type: and 
- degree of fragmentation of the broken material, (b) to the height to which the 
_ broken material is thrown, (c) to the noise and airblast that accompanies the 
explosion, (d) to the volume and shape of the excavation, and (e) to the elastic 
_ or plastic behavior of the material. The description leads also to the “energy 3 
| density concept” ” in which geometric similarity in materials possessing vari- 
_ ous physical properties is dependent upon the ratio of the energy partitioned to _ 
the material at a given scaled time, and upon the mass of the material within 
‘the stressed volume to which the event is referred. The stressed volume is 
= § determined both by the depth of the explosive charge and the distance from the = 


charge to the gage at which the event is measured. CE 
ea ‘Fig. 5s shows the behavior of frozen Keweenaw silt at the lower limit of a 


= here » designated as the “strain- energy range” and the upper limit of a 

_ range here designated as the “shock range”. The photograph shows (a) a hori- 
zontal slab produced as a result of reflection of the shock wave, and (b) verti- 

- cal radial fractures produced as a result of uplift and stretching of the surface. 
As the depth of the charge is increased, a point is reached at which the ma- 


terial no longer fails at the surface or is a beyond a pxcueahan limit. 
thle depth is known as the “critical depth’. 


in which N is raw critical depth, i ‘ iil E represents the strain-energy factor se 
(a factor that depends both upon the explosive and the material), and | Ww is the 
Rather than to consider the critical depth solely to equal the at which 
- failure begins at the surface above the charge, it should be thought of as - 
_ depth at which displacement of the surface exceeds a specified limit. By doing ro 
80, suitable standards of displacement may be chosen for snow, for soils, for — 
water, and for air. Hence, the si strain- ~energy equation may be applied not only» at 
to brittle or to plastic - acting solids but also to other materials of the 


AS the weight of the e explosive charge is mewenand at constant depth, or as 


the depth of the charge is reduced at constant weight, the surface of the ma- 
terial at the point of vaterenee is deformed beyond the standard. 7 6 is a 


_ marking the transition from the “shock range” to the “fragmentation aa. 

‘Under such conditions a series of slabs of near uniform thickness are formed 

as the shock wave: is s reflected from the surface and successively from each of 
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5, -BEHAVIOR OF FROZEN KEWEENAW SILT AT THE L LOWER LIMIT OF THE “ 


FIG, 6. —THE BEHAVIOR OF FROZEN CHURCHILL TILL AT THE ANGE” 
FROM THE “SHOCK RANGE” TO THE 


the aowly formed failure planes parallel to the surface. As may be observed, 


sla slabs are not thrown from the crater as they are formed. Any additional 
energy available after "fracturing the frozen ground ‘causes the action to pro- 
ceed to the “fragmentation range” in which the slabs are ejected and the parti- is 

oy The ae illustrated in Fig. 6 is described by the general equation = 


in wn is the charge | depth, in feet, and A equals the depth ratio de/N. = 


The « depth ratio, _A, is adimensionless number that is a ratio of lengths. The 


numerical value of Aat critical depth is 1.0. The depth ratio is zero when the 
center of gravity of the charge is at the surface. ‘The depth ratio is negative — : 
when the explosive charge is above the surface. _ The depth ratio, which is —_= 
e of lengths may be converted easily to a ratio of volumes, to a ratio of 
_ masses, or to a ratio of energy levels—all of which are useful in establishing | 
the fundamental relation between energy, mass, and time for blasts in various _ 
materials using various types of explosives. 
ys Thus, it is possible to determine limiting values of the ia ratio at which 
_ a transition in behavior of a given material occurs, or to determine the depth 
ratios at which geometric similarity occurs indifferent materials withvarious _ 
"weights, types and shapes of explosives charges . We thus are provided with ad 
i means of determining the energy levels in various materials at which geo- 
oy. metric similarity is achieved and at which various new phenomena begin. = - 
7 Inasmuch as Static loading is but a special case of dynamic loading, the 
"energy density concept provides a means of reappraising failure criteria in a - 


‘ general, a new avenue of approach t to the study of classical theories of failure, 
and a new avenue of approach towards a more complete understanding, the 7 
= behavior of materials of the earth’s crust. 
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NEW AND FOR DEWATERING 


ne a description and. comparison of ‘the use of present — 


are ‘give 
al 


vit 


The foreword t toa recent on n dewatering st started out with the phrase, 
“The science of wellpointing is still an inexact science”. The statement may 
be extended to include all dewatering. But while dewatering is still an inexact | 
Science, constant progress has been made inthe analysis of soil properties and 
in ‘procedures for estimating the volume of water to ) be expected for the d a 
watering and/or pressure relief of construction excavations. Concurrently 
= the development of new analytical procedures, the tools used in dewater- 4 


pe dewatering and/or pressure-relief system must be economically evaluated 


ither rental or purchase. 
2 Installation and subsequent removal of the equipment. 


The operation of the > system after 


ee. 
Note. —Discussion open until July 1, 1960. To extend the closing date one month, a 


written request must be filed with the Executive Secretary, ASCE. This paper is part 
of the Construction Division, Proceedings of the American Society of Civil Engineers, — 7 

a de Essentially the same as speech presented at May 1959 ASCE Convention in Cleve- 
land, Ohio, entitled “Contemporary Tools for Dewatering.” 
_ 1 Research Dir., Moretrench Corp., Rockaway,N.J. = 


February, 1960 


 Tronically enough, the first item covering the rental or oo of the equip- 
0 ment (and transportation) is usually the smallest of the three cost items, yet 
the equipment cost is often used as a comparative basis in evaluating dewater- A 
ing systems rather than the overall costs. The latter, which include the 2 
installation- operation of the system, would provide a more realistic basis. AD 
- contractor often f finds that while the rental or purchase cost of equipment is 


7 small, the total cost to install that particular system and to operate it for the 


scored a “cost of equipment” reduction, sreviouhion the engineering and oper- 
factors. On an equal volume several small gasoline pumps will 
_ This apparent saving is reversed | 


J — equipment falls into several broad categories. A multitude of 
: the smaller shallow jobs ‘such a as manholes, catch basins, small pipelines, tank > 


a 
pits, , etc., or rock and semi- excavations, are done by “open pump-— 


proper utilization of auxiliary such as filter blankets 


sumps. Most foundation engineers discourage open pumping in the vicinity of 
1 1] bearing: foundations due to the loosening of the soil by upward water movement. 7 
== drainage ditches surround the area with deep collecting a 


loosening of soil caused by the upward water flow may cause settlement of the 
The second major system is the so-called “conventional wellpoint 
system”. Basedon the total job dewatering costs, wellpoint systems are gener- 
_ ally cheaper than any other method. This holds true even on deep excavations | 
_ where multi-stage wellpoint installations are used. Each stage of a convention- 
al wellpoint system consists of the wellpoints, usually 1- -1/2 in. or 2 in. pipe 
size, collecting main or “header pipe”, discharge piping and wellpoint pumps 
which consist of centrifugal pumps continuously primed with vacuum pumps. 
_ With proper design, wellpoint pumps may be centrally located. Perhaps the 
chief advantage ¢ of the wellpoint system is its versatility. S Soil conditions may 
not be fully ‘revealed in the original borings and when unexpected | dewatering 
conditions develop, the wellpoint system can be readily adapted to it. Well- 4 
aes can be added in weak locations, additional pump capacity ¢ can be supplied a 
and wellpoint screens can be raised or lowered with a minimum of difficulty. * 
rs Header and discharge pipe can be jobs which are relocated to accommodate 
“a Wellpoint innovations of the last decade are now standard in wellpoint de- 
sign such as: the” interconnecting and hydraulic design of several wellpoint 
stages, at different elevations, to allow one large centralized pump location; 
the installation of the wellpoint screens in pervious rock formations such as 
disintegrated mica schist or sandy limestone, by rotary drills holepunchers; 
; and the use of wellpoints in the consolidation of compressible fine grained soils, — 
or the stabilization of fine grained soils. ae: 
Bek -Wellpoints may be of any overall length, especially in pressure relief sys- 
_ tems where the screen location is governed by the location of the Aquifer. Up 


; _ 3 “Stabilization of an Ore Pile by Drainage,” by K. Terzaghi and R. B. — oe 
Proceedings Paper 1144, Vol. 83, SM 1, January 1957. 
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DEWATERING 

to 70 ft o 80 tt mae: wellpoints have been installed u using the. one e third o or 
_ two point methods of lifting into a vertical position. One of the ae 
- limitations of a conventional wellpoint system is the available suction lift per — 
stage: which falls between 15 ft and 25 ft, depending upon the design. | There- 
fore, certain types of construction, usually4 deep excavations with limited — 
- physical dimensions (such as tunnels, small deep pits, deep city buildings, etc. ) 

sometimes require the use of the third major dewatering system, 
ere by the writer, “high lift systems’. ia “high lift system” employs a pump 


device in the bottom of a large diameter wellscreen which removes the suction — 


a All of the deep wellpointor high lift methods may have a vacuum applied to 


— ‘ the casing and through the well screen to the soil. Vacuum _ application greatly 


- increases the ground water yield fromthe soil to the well but it simultaneously — 
reduces the capacity of the pumping devices by reducing the available net posi- 
tive suction head. _ This vacuum application distinguisnes the high lift system B- 

¥ from the conventional type of deep well installation which depends on gravity © 

_ drawdown alone. Pumping equipment for high lift systems is normally of a 7 
design intended for water supply installations where the well yield exceeds 


the ‘pump c capacity. the other hand, in the pump must 


taken. = 


a High lift systems also to soil over large areas 
_where a large drawdown and/or partial vacuum application to the underside of 
a compressible layer is desired. Both types of installations are usually gov- 4 . 


4 _erned by physical rather than economical considerations , and considerable 
_ technical knowledge is necessary. Each job must be individually designed. The | 
design of a high lift system should be made by a competent engineer or firm to 
obtain the maximum e@iclency at the lowest cost. ‘Three. of the major high lift 
Water Ejectors or Eductors. _This is a relatively low cost unit allowing the 
high lift screens to be spaced closer together at reasonable cost. _ Individual | 
ejectors have arange of from 5 gpm to 60 gpm. They require the use of two paral- - 
lel headers, one as a pressure supply, the second as a collecting main. , The 
; collecting main discharges through a large vented tank which serves to store 
Ba _ water for priming the system. Of great importance is the sizing of the correct | 
2 “ejector to the yield of the wellpoint screen. _ ‘The motive force is water under © 
mere wi a supply yield ratio of 1:1 or 1.2:1, which actually more than 
- doubles the normal horsepower required to pump a certain gallonage of water 
reens the ground. Even with the optimum sizing of ejectors, the efficiency is 
‘For any type of economical operation, ejector nozzles an and throats must be 
"changed after the initial pumpdown to obtain reasonable efficiency. For ex- wall 
= ample, as wellpoint yield drops off after prolonged pumping, the ejector in- oa 
: ternals should be changed to reduce the power input proportionally. Change of 
internals should also be made if individual pumping tests reveal incorrect siz-_ 
ing of ejector for the ground water yield tothe wellscreen. © 
Because of power considerations, the maximum practical capacity of an 
ejector operated high lift system is 1,500 gpm to 2,000 gpm. This usually limits 


of dewatering. | 
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DEWATERING 
_ application to ool finer than medium sands . Engine ne or electric power er may arse 
_ be used oncentrally located pumps. Two-pipe ejector units have two pipes in- p! 
. side the casing. Single-pipe ejectors have one pipe inside the casing as return — 
_ and utilize the annular space between casing and return pipe for the pressure — 
- Supply. _ Single pipe ejectors are made for 2 in. through 6 in. diameter well 
casings and have higher capacity in any size than two pipe un units. “Fig. 1 illus ae 
trates schematically the differences between conventional wellpoints and high 
 Deep-Well Turbines.—Deep-well turbines have a good efficiency if sized to 
- the deep wellpoint yield. They may be driven by electric, gas or diesel power, - 
r. but individual power units, usually with standby units, are needed for each well. 
_ They are especially feasible for large volumes of water in a very pervious soil 
extending to a considerable depth below the ‘subgrade. Because of the 
large equipment and installation costs p per or unit, the deep well turbine pumping 
_ device is usually installed on a fairly wide spacing. The subsequent drawdown 


‘te correctly ‘size units ground water yield to yoy screen. 
Usual range is from 50 gpm to 2,000 gpm per unit. A water collection system is 
“mecessary, as is a vacuum distribution manifold if individual vacuum 
ape. The Electric Submersible Pump. —This p pump is the latest ‘addition to the 
dewatering industry. Théy are easy to install and to remove as the casing 
— need not be plumb like that of most deep wells. ~ In fine- ~grained soils where 
smaller diameter submersibles may be used, the placing of the | necessary — 
- filter send column around the well casing and screen is a very economical _ 
§ "operation. _ The submersible pump is in some cases cheaper than a deep <i 7 
turbine pump "especially for small sizes and deep setting. ‘They are easy to 
* - install, , have good efficiency if sized properly but must be run with a ‘shut- off 
device lest they run dry. A continuous flow of water is necessary to cool the ~ 
_ electric motor and to cooland lubricate the pump bearings. Power is supplied 7 
~ by an electrical! distribution system to each individual submersible high lift aa 
3 casing with a standby generating unit for the entire system. A water mele 


SUBMERSIBLE HIGH LIFT. SYSTEM 


an 20 ft open cut that had started mov g into a large excavation job located in 
Canada. _ The last 10 ft of the varved material was predominantly layers of - 
relatively clean, fine sand. _ Below was a Stable glacial till or “boulder clay” 
with a few isolated pockets of fine sand. Removal of the free water in the ; 
pervious strata and the lowering of water content in less pervious strata would 
tend to stabilize the soiland prevent further movement. This was accomplished 
_ by the installation of a ten-unit submersible pump high lift system, with indi- a 


vidual units p pumping from 5 gpm to 50 gpm. The submersible high lift system 
lowered the ground water from the original level of 20 ft below — surface 
to 60 ft over ahorizontal distance of 770 ft. 
‘Fig. 2(b) ‘shows an 80 ft long, 12 in. diameter casing being jetted and driven 
into position by a 100 ft holepuncher. _ Ahigh lift well screen with riser pipe > .. 
and the correct filter medium is placed inside this _ -in. _ installation casing — 


a 
% 


¥ 


im 
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a which is aun withdrawa sien the screen, riser and filter correctly positioned e, 
the ground. Piezometers and approximately forty ‘sand were installed 


_ Fig. 2(c) shows preliminary testing of the submersible pump unit after being 


placed in the well casing, but before connecting to the collection system and : 


“NEW 


previously mentioned, two other techniques are used suppler 
aids to dewater construction excavations. = 

‘Sand Drains. ~The firstof these is sand drains already used extensively for 

oil consolidation. Sand drains are also installed in stratified or laminated 

soils that contain alternate layers of pervious and relatively impervious _ 
The sand drains conduct water from the higher permeable layers to the lower 

3 permeable layers where the dewatering screens are located. - This is of great 
=f economic importance in reducing overall dewatering costs. a For example, a 
pipeline trench in sand that has a horizontal semi-impervious layer above sub- 
grade, may be dewatered with equipment onone side of the trenchif sand drains 
are placedon the other. In addition, sand drains are used to stabilize the slopes © ae 
a banks) of construction jobs, to decrease excavation, slope area, material - 


An example combining both applications, is an excavation made in 


near Lake Charles, La. Soil conditions at the time of construction 


6 ft of fine to medium sand 
20 ft of compressible vegetable and organic silty clay with peat, roots, etc.; 
4 ft of medium compact silty clay or fine sand with clay lenses; a Tee 


ft of dense, very uniform fine sand. 


original foundation vapors recommended nc not 1 more than the 6 ft. of fill to eld 


layer was accomplished by surrounding the excavation area with 
a. ft long wellpoints that extended from water level into the dense, very uniform 
fine sand layer (aquifer). Header pipe was located at water level with a 2hori- 


teeth (bog cutter), was jetted in on 5 ftcenters to create a 10 in. diameter hole, s 


in each of which was placed a 2 in. we llpoint surrounded by a , uniform medium — : 

_ sand as a filter medium. Three rows of sand drains were also installed, +a 4 

15 ft inside the header, the others 15 ft and 30 ft outside the header with the _ 

sand drains staggered on 15 ft centers in each row. (Fig. 

Use of a jetted casing for the installation.of the sand drains rather than a = 
conventional driven casing with end closed with flap release, eliminates the 


“Mag: or remolded zc zone en to the sand drain. This allows horizonta 


q GIStriOULlON Mmanlloid. Upon Operation OL the System, Mass 
movement ceased in the area of the high liftsystem. = | 
— 
— 
* 
, 2 - - was expected in the compressible layer in 2 yr due to the 6 ft of fill. piped ag 
was to be supported on piles driven into the dense fine sand. Structure bearin 
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DEWA TERING 


permeability or flow to approach that of the normal than 
go reduction, speeds up the time necessary for consolidation and reduces the 


“the sand drain diameter ; and increasing the spacing. 

The filter medium used for filling the sand drains did not follow the usual ~ 
arbitrary patternof a coarse sand to fine gravel suchas has been specified on 

most previous sand drain work, but w was instead a ‘very uniform fine sand, 

— D509 = 0.23 mm, Ue = 1.3 with an estimated inplace permeability of 300 mu per 
--second, ‘The filter | medium was designed on the basis of being at least twenty- 
five times as pervious as the fine grained compressible ‘soil; of being fine — 

_ enough to prevent intrusion of the surrounding soil; and as uniform as possible a 

to reduce segregation to a minimum when placed in water. The locally avail- 

fine sand met these requirements and was extremely economical. 

- contractor was able to scoop this up locally, eliminating the necessity of pur- 


chase and transportation, | 


Fig. 4(a) illustrates the stabilized bank with dragline excavating. Wellpoint 
‘pumps are visable to the rear of dragline. 
 ~*Fig.  4(b) is a general view showing wellpoints and pile driving rig. "7 Both 
photographs were taken after a heavy rain but both show the bank slopes that 


= 


completed, a hurricane passed over the job completely filling the 
_ vation with water. When pumped out, the banks were still stable. Performance 
of the economical fine sand as a filter in the sand drains was excellent. The _ 
“high organic content of the compressible layer prevented i comparison of the 
; oan grain size ratio with | pervious published results® of hydraulic gradient losses 
in vertical filters. Maximum was obtained near the wellpoint 
Grout Curtain Wall.—Under certain conditions it may be advisable to alter 
the permeability of the existing soil by the use of grout. _ One such condition 
would be a very permeable rock or gravel formation where the soil permea- : 
_ bility is over 2000 mu per sec. If the hydraulic head differential is large, the — : 
volume of water that must be pumped to . dewater the job may | be — 
4 impractical to handle. An inexpensive, semi-plastic, cement-clay grout curtain 7 


‘may be handled by normal dewatering equipment. The total cost of dewatering 
; being far less than either a complete grout cut-off wall or pumping. For rela- _ 
tively shallow excavations, a trench excavated under water and, as excavation 
a proceeds, continuously refilled wi with an impervious clay or clay- ~cement slurry 


a< wall will reduce the flow to such a degree that the small seepage —— 


may be feasible. 


— Deeper excavations require the use of grout p pipes for the 4 


curtain wall placement. The second case is of a deep excavation of limited ex- 
a: tent where the grout used will depend on the soil properties of the material to 
be | grouted. Grouting effectiveness in this case may range from partial to total _ 

although the intent is usually for a total water cut-off. me —— installed, 5 
grout curtain wall or grouting needs no maintenance. 


aA An example of the > first case was a power plant constructed on the banks: of 


the Ohio River where a deep well pumping test in the 50 ft of sand and gravel 
_ over rock, gave permeability values of from 5,000 to 6,000 mu per sec. Sandy 


___ 5 “A Review of the Theories of Sand Drains,” by F. E. Richart, Jr., , Prof. Civ. Eng.. — . 
Univ. of Florida, ASCE Proceedings Paper 1301, Vol. 83, SM 3, July 1957, page 11-18. 
«6 “Experiments on Uniformly Graded Filters,” by Heinz Zweck and R. D. Dariden- 

“koff, Proceedings 4th Soil Mechanics Conference, London, 1957, Vol. II, 
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- clay” (loam) “(20- -ft t deep) extended from the sand and gravel t to the ground sur- 

face. Dewatering volume was‘ estimated to befrom 15, 000 gpm at pool to 50,000 

gpm at flood stage ifan earth cofferdam only was used. Steel sheeting \ was Sug- 
gested but was not readily available. 

an curtain wall of 1 »700 ft was grouted in the shape of a U” While the 70 ft 


Cost was considerably less than a single row of steel sheet piling. 


spite some » installational errors, including one hole in the. grout “curtain wall 
-_- you could “drive a truck through”, the volume of water pumped was reduced an 
approximately 30% of the minimum expected. 
_ There were roughly, 800,000 gal of grout pumped in through 10,000 lineal ft — 
of grout pipe or some 16 gal per sq ft of curtain wall. This is equivalent to a — 


walls ft thick based on a 40% porosity. - conservative average of 30,000 gal 


~ flocculation salilens _ Pumping was at the rate of from 75 gpm to 200 — 
An admixture of certain salts and dyes was added to the cement-clay grout a 
_ which imparted color so that mixtures could be readily identified, strength in- 

creased and the flocculation and set times could be varied. Aa The cement- -clay 
grout when set, while semi- plastic, has no thixothropic properties as exhibited 
pure bentonite grouts. After setting it) will not move under hydrostatic 


‘Fig. 5(a) shows typical stratified soil ranging from coarse sand to wellg: grad- os 


_ sand and gravel to uniform medium gravel 
_ Fig. 5(b) shows the top of the hole puncher used to install grout pipes, grout 
pipes and the grout batch plant in the background. 
ies Fig. 6(a) shows the grout batch plant with Athey wagons bringing material _ 
_ through typical Ohio Valley mud. — _ Roof had been blown off the previous day in 
a al rain and wind storm. Note materials stacked on tank for next batch. = 
Fig. 6(b) shows crane pulling grout pipes from first row. Spilled grout 
7 shows white on ground. Second row of grout pipes in the foreground was not — 
used. Crane is located between screen house and river on top of dyke. Ap- 
i _ proximately 2 yr after the initial installation of | the grout curtain wall, ‘it was” 
able to be visually | inspected to determine its effectiveness as a dew atering 
aid. Observation was made when the dyke was partially removed, eliminating © : 
” possibility of a silt blanket over the river bottom. = = | ~ 
‘Fig. 7(a) shows a test pit dug by a floating rig on the river 12 ft away. . Major — 
- pumping had stopped in the area and water level was being held 10 ft below riv 4 


ows a cross section through the test pit with observed edconditions. 


4 
aa “1. Tools a and methods to be considered when designing a construction de- *: 
watering system primarily depend on t the properties at the site and the 
_ 2, Overall dewatering costs should be considered rather than one item, 


such as rental of equipment. By dewatering: 


of the sand and gravel layer overlaving the rock, varving from 20 ft to50 
= 
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, overall be made on the job to reduction in 


inclade any of, or combinations of, (a) open pumping sumps, (b) 4 
ventional wellpoints, (c) conventional deep well type pumping, (d) high lift sys-_ 
tems with either ejector, submersible or turbine pumping units, (e) sand drains, 


& 4. All dewatering jobs should be designed by qualified personnel to fit the 


_ individual conditions of that particular joband to obtain maximum results at a 
- minimum cost. Where total dewatering costs are particularly high, such as on 


very large or deep excavations, extensive engineering analysis in advance is 


warranted to determine the most suitable and economic method. 
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phy) listing of books recommended and suggested for a Field Office son 
compiled by M. D. Morris, F. ASCE. This year, through the courtesy of = 


magazine and bibliographer, the lists were reviewed and brought up to date by 
Construction Division and are presented | 


the Publications Committee of the 
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and adhesives, - offers some promise as an admixture band portland « ce- 


sc cale made made severalyears ago. are described and their resent 


oni In 1950, at the of a large manufacturer of te 
manufacturer of cement products? sponsored a research project on the effects 
is of polyvinyl acetate on portland cement mortars. — At that time, the sponsor 7) 
a 


plastic 1 might produce “ resilience!” ; in his ‘concrete floors. 

The writer was engaged to carry out this study through the University of 

iz Cincinnati Research Foundation from December, 1950 through March, _ 


a 
7  Note.—Discussion open n until July 1, 1960. To extend the closing date one month, a a 4 
written request must be filed with the Executive Secretary, ASCE. This paperis part Jf 
“aa the Construction Division, Proceedings of the American Society of of Civil Engineers, — 
86, No. CO 1, February, 1960. 
1 Assoc. Prof. of Civ. Engrg., , Univ. of Cincinnati, Cincinnati, Ohio. cx 
2E.I. duPont de Nemours &Co.,Inc. 
3 arthur C. Avril, Pres., Sakrete, Inc 
_ 4 When ‘resilient” is used in connection am flooring, it would seem to mean aie 
bility to absorb energy without permanent deformation, or essentially inelastic be- _ 
_ havior in contrast to the technical meaning of the word. | 


— 
— — 
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Polyvinyl acetate, a synthet 
— — 
q 
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During this many mixes and uses | were investigated, ‘and. 
major applications of these mixes were made, inc luding the surfacing of the 
entire floor of the sponsor’s home. This paper (a) describes ie ace 
and what is known of its actions in cement mortars, (b) discusses — ji 


7 = er which have been found to be desirable, and those which are undesirable a 


ponyvinyL ACETATE 


Polyvinyl acetate is a synthetic, thermoplastic resin, , which is widely used 


in paints and adhesives. In pure form, it takes the shape of ‘small, , clear, glass- 
like beads which are not soluble in water, and which are comparatively inert 


facturing process. ‘This operation gives ‘rise to a rather. viscous, milk- 
- fluid, which smells somewhat ais vinegar and has a pH ranging from 4 to 6. 


- 4 film is s left. tightly adhering to the surface. This film is 3 quite resistant to at- 4 
‘ 2 tack by petroleum products, glycerine, turpentine, and other chemicals, but is 
_ soluble in many alcohols. — if this film is merely touched with | a drop of water, 
it will almost instantly turn milky, and, ina very short time, | will lose its ad- 
hesive properties. When a large drop is placed on a hard clean surface, the 
surface of the drop. will tend to polymerize and form a film over the interior 
of the drop, thereby preventing the interior from solidifying. er 
Polyvinyl acetate emulsions are now made by several manufacturers ina 
a) = of forms. “Elvacet” 81-9005 was used almost exclusively in the re- 
search project, and in the balance this paper the 81-90( 
of polyvinyl acetate 


ic. INTERACTIONS OF POLYVINYL ACETATE AND PORTLAND CEMENT 
Several important phenomena arise acetate and ‘portland 
cement are combined. Many references were consulted through 1952 inan | 
_ effort to explain these phenomena, but the information found ee be used 
_ as a basis for some deductions, which seem to be valid. a> OT 
= Since portland cement and Elvacet are both binding agents, it may appear to 
_ be unnecessary to use them together, but these two materials do complement _ 
tach other within certain limits. It is well known that cement mortars are 
stronger when the cement particles are more 2 completely dispersed. A micro: 
_ scopic examination of a “thin section” of hardened mortar containing the plas- 
_ tic seemed to indicate that the plastic becomes the “continuous phase” in the 4 
a. matrix, , and that the cement particles do tend to hydrolyze individually. Con- 
versely, noted above, the emulsion cannot polymerize completely unless 
water can escape from the center of the mass, and the cement is available to 
take up some of this water through the process of “setting”. heap ek ; 


* As noted above, although polyvinyl acetate is essentially insoluble in water, 


application of only a small amount of water to ahardened film, formed from 


“me 5 “Elvacet’’ is a brand name of duPont for emulsified polyvinyl acetate. . 81- -900 in 
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POLYVINYL ACETATE 
“this dt drop of water, the polymerized acetate will tend to hydrolyze into Porenectho 
alcohol, which is also a good adhesive but quite soluble in water. At the same r : 
time, a salt is formed from the mineral portion of the alkali. 8 —~™S 
The last characteristic of the plastic which must be noted is its need ll 
and/or heat to catalyze its polymerization. 
above characteristics of the plastic mean that mortars containing poly- 
vinyl acetate cannot be used in the same ‘ways as plain mortar. _ Of greatest 
_ significance is the fact that such mortars cannot be moist- cured, and should 
not be covares while ‘curing. This means that the material can be spread over 
a floor, for example, and left to cure without further attention. It also means — 
“that applications of the mortar cannot be too thick or the lower portions will 
of Interactions on Hardened Mortar.—As stated above, this 
project was initiated in the hope of finding a resilient floor surfacing material. 
ee no standard test of this type of resilience could be found, it was decided : 
_ that tensile strength would probably come closest to indicating the ao ‘a 
characteristics. Standard mortar tension briquettes were, therefore, the princi- ; 
‘pal. form of test specimen made, although many 2 in. cube and 2 in. diameter by 
in. . cylinders \ were also used. Many combinations of sand, ‘cement, water, 
_ and Elvacet were tried in the pet of the investigation, but whenever the a 
term “mortar” is usedin the balance of this section, it will refer to the combi- 
_ nation of ingredients which will later be defined as the “standard mix”. ih Pacal 
- Tension briquettes removed from the molds 24 hr after casting, and allowed = 
to stand on edge on a window ledge for 6 additional days, would almost always © 
_ break at a minimum of 700 psi. Similar samples stored for the 6 days in a 
closed drawer would break at about 500 psi, while samples cured in water for 3 : 
_ any length of time always broke at about 150 psi. The compressive strengths a 
of the cubes andcylinders were seldom greater ' than would be expected of ordi-_ 
nary mortars, being about 2500 psi at 14 days. In most cases, the material at 7 
_ the center of a newly | broken compression specimen would be somewhat moist, 
_ indicating that the surface had hardened before all of the excess moisture —— 
had a chance to escape. . All of these observations, plus experience with full- 
 seale installations, ‘indicate that ‘mortars containing polyvinyl acetate Should a 


applied in layers approximately 1/2 in. \. thick, and allowed to cur 
anddry,aplace as possible, 
_ When hardened tension briquettes of the standard mix were unnietinel in r, 7 
water, moisture would | penetrate into the material very slowly, but after 24 = 
hrs, ‘or 80, : a briquette would be moist throughout, and would have a tensile. 
strength of about 150 psi. _ Samples which were cured in the air for 7 days, 
_ immersed in water for 7 days, and re-dried in the air for 7 days, would re-_ 
gain their strength, upto about 500 psi, 
- _ Whenever a mortar sample containing Elvacet was immersed in water for — e 
; _ more than 1 day, the surface of the sample would become rather soft and could ” 
_ be easily scratched with a knife. At the same time, a white, flaky “scum” 
: _ would appear on the surface of the water. G While the amount of this scum in- 7 


a fe few 1/100ths of an inch. © Limited qualitative a of this scum seemed — 


: creased with increased time of immersion, its total thickness never exceeded 


150 psi when wet to 500 psi ‘when dry. 


i 
| 
— 
\ 
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cement. Repeated immersions and air-dryings would continue to produce 
gth to vary from 
7 


1960 


Attempts | to Hydr olysis of Polyvinyl Acetate. effort | was ex- 
erted in an effort to find a way to inhibit the reaction of the hardened mortar id 
when submerged in water. “Chemical Abstracts” *6 were searched for the years ; 
1946 through 1952 for ideas, and many procedures and admixtures were tried. 
4 Among others, the following ideas were explored: (1) ) substitution of gypsum | = 
_ for portland cement, (2) substitution of high-aluminous cement for portland — 
cement, (3) the direct application heat during curing, (4) addition of traces of _ 
the following chemicals; (a) steratochromic chloride in isopropanol, (b) c calci-_ 
oY um chloride, (c) chromic oxide, (d) potassium chromate, (e) benzoyl peroxide, 


al must be stated that at none of the attempts to inhibit the hydrolysis weneeed- — 


7 ed. Some of the techniques and admixtures produced very undesirable results, 
a a and many of them reduced the strength of the mortar. The susceptibility of 


STORAGE AND HANDLING | OF EMULSION 

 Ellvacet ca can be purchased in containers: varying in size one- 
_ bottles to railroad tank cars. While slightly acidic, minor contact with it will 
not hurt human skin. It can be handled in about the same way as SAE 30 oil, 


“i manufacturer recommends that the emulsion, as sold, be stored for not t iy 


-mended that diluted forms of the be used immediately co- 

An effort was made to stabilize the ‘emulsionag against the ania ot freezing 
‘and storage in diluted form. It was found that the addition of 2% bentonite, by 
weight of the diluting w water, would prevent a mixture of 40% Elvacet, by volume, - 
and 60% water from coalescing through at least 8 cycles of freeze- -thaw, and 
storage of at least one month. When subjected to these conditions, the plastic | 

_ Solids and bentonite particles settled out of suspension fairly quickly, but they — 

could be easily re-dispersed by merely shaking the container. In general, ae 
‘T-day tensile strengths of mixes containing the bentonite were about 500 psi, 
but were sometimes higher, depending upon the ‘conditions of mixing and curing. 


mix” will now be described, and the characteristics of a va- 
‘Z _‘Tiety of other ‘experimental n mixes will be compared with those of the standard 
a mix. Throughout the balance of this paper, it should be kept in mind that the | 


goal of this research project was to achieve, if possible, a blend of plastic and 


conventional mortar materials which would give satisfactory results under — 
é conditions of mixing and application which might reasonably be attained in the © 

field. Dry ingredients were proportioned on the basis of weight, liquid in- 

- gredients on the basis of volume, liquid and dry on a basis equivalent to the 

water-cement ‘ratio, and no effort ‘made measure to the ultimate 


laboratory pr precision. 
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POLYVINYL / ACETATE 
‘The standard mix dry ingredients made upof 30% 
70% medium-grained sand by weight, and liquid ingredients blended from 
40% Elvacet and 60% tap water by v volume, with the liquid and dry ingredients _ 
“i ~ combined in the equivalent of 5 gal of liquid per sack of cement. Onadry- — 
weight basis, about 0.11 lb of plastic resin was used per 1.00 lb of cement. 
_ This mix had good workability, and very satisfactory strength characteristics, 
as discussed above. Laboratory samples were mixed in a pan by hand witha © 
-- mixing ‘spoon, while mortar boxes and hoes were used for the full-scale instal- " 
lations. This mix was somewhat “spongy ” under a trowel. It tended to stick 
when a a trowel was flat on the surface, but could be easily smoothed | with the © 
7 Other combinations of sand and cement with Elvacet, ranging from all sand 
— to .all cement, were made into tension briquettes and tested. Those with less 
_ than 25% cement tended to stretch and were notas strong as the standard mix, | 
; while those with more than 35% cement tended to shrink more during the set- 
leas and to be about the same strength as the standard mix. ee: q 
Mixing liquids ranging from all water to all Elvacet were also tried. Speci- 
mens made with liquids containing less than 30% Elvacet, by volume, wereap- _ 
_ preciably weaker than those of the standard mix, while those with successively — 
- higher percentages of Elvacet became progressively more sticky and difficult — 
to work, without compensating gains in strength. 
__Liquid-to-cement ratios ranging from the equivalent of 1 gal per sack to 06 
; gal per sack were used, and, in general, the tensile strength was found to vary © “a 
in about the same way as the compressive strength of ordinary mortar. 4 ‘The — 1 
% maximum strength, — 800 psi, was obtained at 4 gal per sack, but this mix was _ 
very stiff. By the time the liquid-to-cement ratio reached 6 gal per sack, the 
mix was too soft, and the tensile strength had dropped below 700 psi. ~~ 
Since almost a all mortars tend to Shrinks somewhat during the setting period, 
would be expected that mortar containing polyvinyl acetate » might also tend 
to shrink. While this shrinkage was no greater than that of ordinary mortar, 
_ some effort was made to blend gypsum into the mix to eliminate that which did 
4 occur. It was found that when gypsum was substituted for a portionof the port- MG 


land cement, shrinkage was eliminated, but, unfortunately, specimens ‘contain- 


- ingthis material tended to swell and crack when immersed in water long enough | 


tobecome soaked through, 


In addition to the materials” mentioned thus far, ‘several others, including» 
‘white- -waterproof cement, diatomaceous earth, ‘and. agricultural lime, were 
used in various blends, but no other combination of ingredients gave as con- | 


‘Sistently strong and we workable a mortar as did a the standard — 


ta 


hy In addition to the tensile and compressive tests, a variety | of non- — - 


_ To investigate the problem of curing a more massive pon two #2- -afa- 
size tin cans were filled with the standard mix, and allowed to stand with the 


_ surface of the mortar exposed to the light and air. % Four days after the oq 
_ cans were filled, a knife blade could still be inserted into the material with | 
_ comparative ease. The metal was then peeled off and the mortar was exposed © 3 
e. the air for three more days. At the end of this period, the surface wasquite 
resistant to abrasion, but, when the blocks were broken, the interiors were 


found to be rather moist. 
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Flexural tests were run on 2 in. x2 in. x 24 i in. cast from t the standard 
mix, and on 3/4 in. x 2 in. x 24 in. wood strips overlain with 3/8 in. thicknesses 
of standard mix. The 2 in. x 2 in. x 24 in. beams were tested in three different - 
ways, with the following results: (1) a beam made with a liquid to cement ratio 
somewhat higher than the standard mix failedunder a mid-span load which pro- 
7 duced a deflection of almost 0.10 in., and an extreme fiber stress of 740 psi; 
 (2)a load of 150 lb was applied at mid- span (maximum fiber stress of 675 psi) 
and maintained for 28 days, after which the beam was found to be broken, but © 
the testing machine was in an open location, and the real cause of failure is 
: not known; (3) a beam was alternately loaded with 150 lb at midspan and un- 
loaded through 2,000 cycles, after which the load was increased to 180 lb (maxi- 
[ ‘mum fiber stress of 810 psi) and 500 applications made before the beam broke. 
_ When the wood strips were coated lightly with diluted Elvacet before the mor- 
2 tar was spreadover them, the mortar bonded so tightly tothe wood that failure” 
always occurred in the tension side of the wood (the mortar was on the com- 
side), even when the beams deflected as much as 1 in. 
_ Several other experiments were run to test the bonding ability of the mortar, — 
Bb but only one crude test will be mentioned . The sheet-metal conduits of many 
dust collecting systems are subject to a great deal of abrasion. With the idea 
_ that the standard mix might provide a suitable lining material for such ducts, 
an 8 in.-longsection of 3 in.-diameter galvanized sheet metal pipe was primed 
_ with athin coatof Elvacet and then coated with an 1/8-in. -thick layer of mortar. 
After the mortar had set, the pipe was squeezed times by but not 
spot of mortar dropped away from the — 


: _ Seven major applications | of mortar containing polyvinyl acetate were made 
between n July, 1951 and July, 1953. The first installation to be described | con- — 


tained some perlite in | place of about 20% by volume of the sand, while allof the 
others were made fromthe standard mix, 
Six of the jobs were done by a small local contractor employing one finisher za 
and from one to three laborers. _ No attempt was made to control the quality 
‘ more closely than would be done on an ordinary job. The dry ingredients were _ 
7 premixed in the plant of the sponsor. The emulsion was diluted on the job by = 
gg é measuring out 2 cans of emulsion and 3 cans of tap water. Since the 5-gal- -of- 

liquid-per- -sack-of-cement ratio yields very nearly the optimum workability, 
and since this workability is rather sensitive to the amount of liquid, it was — ; 
found possible to let the laborer, mixing the material with ah hoe in a ‘mortar Jy 


_ box, decide how much liquid to add to a given batch. al. 
| In July, 1951, the sponsor built a new house of concrete construction, with © 
; radiant heating coils in the concrete slab. The base slab was leveled to within ~— ¥ 
- about 1/4 in., and givena rough float finish. . A mortar approximating the ‘e 7 
ard mix, but containing some perlite, was used to finish the 3,000 sq ftof floor 
area. Air temperature during application varied from 75° F to 95° F, and the © 
rooms were quite light, although the floor received very little direct sunlight. 
Because of the base slab, the mortar varied in thickness from about 1/4 in. to 
about 1 in., with most of the thickest material in the kitchen. _ Within the first _ 7 
two months, only a moderate number of curing cracks appeared. During the 
next two months, additional cracks appeared in all of the rooms except the 
kitchen, One day late in November, 195 1, the the 
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more » than any of the other areas. _ It was ‘ietiaaain that the _— had set ov cr 
the thick areas of the kitchen before all of the excess moisture had escaped, 
and that the application of heat for several weeks, through the radiant coils, 
had finally caused this moisture to break through the surface. = = | 
September, 1951, the writer built aconcrete porch and steps onhis home, 
and used mortar containing Elvacet to “touch up” the form marks. _ The sur- 
faces were primed with diluted emulsion, and the thinnest possible co coat of — 
_ standard mix was trowelled over the surfaces, where necessary, to —_, 
_ them. _ In June, 1959, this mortar was slightly darker in color than the sur- 
rounding, regular concrete, but w was still in place » without. evidence of crazing 
_ _ During the spring of 1952, the Foster Transformer Company, of Cincinnati, 
planned to remodel its engineering office. . Its building was of timber con- 
struction with brick bearing walls, and the hardwood floor of the engineering 
_ office was very rough and almost impossible to keep clean. . As part of its re- : 
: - modeling plan, the company decided to experiment with covering approximate- 7 
: ly 600 sq ft of the old flooring with the standard mix. In preparation for appli- ‘ 
1 cation of the mortar, the floor was swept carefully with brooms, and primed 
- with diluted emulsion. No effort was made to nail down boards which might J 
have been loose, nor to clean off any of the numerous patches of foreign ma- 7 
terial onthe floor. After the priming, screed strips were set, and the standard- + 
mix mortar was applied about 5/8 in. thick over about 100 sq ft. Two days 
_ her this surfacing was found to be | badly cracked, with almost allof th the cracks ‘ 
punning parallel to the joints and grain of the wood. This 1 mortar was pried off | 
4 the floor—and it was found to be quite well bonded to the wood— expanded metal 
_ lath was nailed to the old floor, and new mortar was applied. A few cracks de- ‘ 
veloped in this second application, but they did not seem to be related to the 
- grain of the wood. Six y years later this floor was still giving fairly satisfactory 
service. Certain small areas were very badly cracked, but the majority of 
the floor was quite sound and smooth. Employees of the company said that the — 
4 wood floor under the bad spots was so loose that they could feelit deflect when 
_ The Kosmos Cement Company ships bulk cement from its manufacturing ~ 
7 plant to its Cincinnati ‘distribution center in steel river barges. At the distri- : 
bution center, the cement is moved from the barges to the storage silo by a 
; conveyor belt. The cement is supplied to the belt by a “front-end loader”. 
- This loader was having so muchtrouble hitting the rivet heads and lapped joints © 
of the barge deck that the company decided, in the autumn of 1952, to try sur- 
_ facing the deck with the standard-mix mortar to eliminate these obstructions. — 
_ No screeds were used for this job, but the mortar was trowelled over adil 
_ primed steel with sufficient thickness to cover the joints and rivet heads. Six > 


1x 


a: years later a company representative stated, via the telephone, that they were F 
~ _ The former Ohio Military Institute? had about 3000 sq ft of wood flooring in 
_ its recreation rooms and a large corridor. The flooring was in poor condition, 
and) very difficult to keep clean. _ This area was resurfaced with the standard 
Expanded metal lath was nailed to the 


in June, 1958, and its buildin gs will be razed before the end 
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Col 
flooring, and the was n. thi lath. The de- 
4 _ tails of this operation are not known to the writer, but extensive cracking de- i 
__ veloped throughout the area. This cracking was not as severe, however, as 


which in a small patches in the Foster job. 


Cincinnati was with the problem. of converting a 500- -sq ft room, with 
a wood-block floor, into a soil mechanics laboratory. As an experiment, an _ 

_ area of approximately 2 sq ft of the block floor was covered with the st dard = 
mix. About on one week after it had been laid, this mortar w was s pried up, | es enti- 
ally in one large piece. The underside was found to be quite black, indicating 

a that the mortar had bonded to the oils and tar which had been used to treat the ? 
_ wood, but that these bituminous materials were not well bonded to the wood. — 
In order to obtain the necessary bond between the mortar and the blocks, ex- 
_ panded metal lath was nailed to the floor. Screed strips were set, the mortar 

was applied about 5/8 in. thick, the surface was scored into 5 ft x5. 5 
blocks. Only one curing crack, approximately 1 ft long, developed in this floor. _ 

Asa further experiment, about three weeks after the new material had been — 

a put down, the surface was sanded, by a local flooring company, using an ordi-- 
nary drum- -type floor sander and paper. ip! This sanding produced a very nice, 

a smooth surface, but took considerably more effort than had been anticipated _ 

_ because the hand finishing had left so many slightly-high and slightly-low places. 
_ This floor can be seen in Fig. 1. After | the sanding, it was given two coats of | 
_ sealer, and, in the past 6 yrs, has had no additional care beyond an occasional — 
ee In July, 1953, the Department of Civil Engineering expanded : its area a of aco 


‘surface an additional 6,000 sq ft of wood-block floor with the mortar. © — 
area was exposed to the direct rays of the sun during certain parts of the = a 
and contained many 10 in. x 12 in. electric outlet boxes. ‘These two facts led — 
to the development of a number of rather long, narrow, curing cracks, esa “a 
 saltation from the corners of the outlet boxes. In all other respects the su - 
4 facing operation w was similar to that in the soils laboratory, except th: that thie 4 


area was not sanded. ‘Fig. 2isa general view of this area. 
Being adjacent to each other, the last two jobs nave in 4 


a are negligible. (2) Small, scattered areas of the old floors were of a3 

_ns . and the mortar bond to these areas has been entirely satisfactory. _ 

(3) No new cracks have developed since those of the initial curing. (4) The 
‘ surfacing sounds quite loose and “hollow” when | rapped with a hard d object, or 7 
even with one’s knuckles. (5) Soil compaction tests are regularly run with the at 
molds resting on these floors, and several heavy objects have accidently been sy 

By ge on the floors, but only three ee very small chippings have occurred, and pe 
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To the best of the writer’s knowledge, there are sources. 
of on the use of polyvinyl acetate in 
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—SANDED FLOOR IN SOILMECHANICS 


mee 


i 1952, Geist, . Amennn, and 4 Mellon, \ writing on “Improved Portland Cement 
with ‘Polyvinyl Acetate Emulsion” described many laboratory tests" 
which they had conducted. _ While their - report contains numerous tables and 

“ graphs of experimental results, it does not mention any full-scale installations. 
Z Meyer Immerman was issued U. S. Patent 2,768,563, in October, 1956, for 
i a “resin- -bonded Cement for Repair of Concrete” “5 According toa brief | ab- 

4 stract,? this process involves’ a mixture of organic solvents -andone of several 
: possible polymers, including polyvinyl acetate, designed to repair cracks and _ 
_ pits in concrete floors. ‘So far as the writer knows, this patent does not anatane Py 


December issue of “Contractor’ s and Monthly” carried a 
brief announcement of a “polyvinyl acetate concentrate” being marketed by the 
Surface Engineering Company, Inc. of f Wichita, Kansas. Literature, 
from this company in January, 1957, referred tothis materialas “Tite-Crete” 

and said that it would be dealers, the writer has 


la k ted he 
popu ar ar icle on the ‘wor reper e erein, 

Miracles”, appeared in August, 1952. a 10 While no engineer is likely to refer 
to the effects of polyvinyl acetate on mortar as “miraculous”, such mortar 
- does have three outstanding c characteristics: (1) it will bond to almost any type | 
of reasonably clean, firm surface; (2) it has high tensile strength; and (3) it 
_ cures itself in the presence of air and light without special attention. In ad- 


dition, it is easy to mix and place, and has ‘good as a floor surfacing 
_ The perfect ‘material still to be found, this mortar has tw major disad-— 


vantages: 


(1) it cannot be exposed to water, although periodic 
- wetting will not affect it seriously; and ( 2) it cannot be applied in thicknesses 
7 much greater than 1/2 in. . without the danger of serious cracking. ay 
2 The « writer believes that there are many floor surfacing problems which 
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“controlling water must be 


"evaluated in selecting a water control system, the various methods ~ 
their advantages and ‘disadvantages, basic principles « of 
| 


"Effective control ot the water encountered in excavations frequently is 
‘ die factor between success and failure in such work. _ Over the years, a 4 
number of different methods and equipment for control and removal of water 
as have been developed by the construction industry. Sumps, possibly the oldest 
of all, sheeting, well points, and large diameter wells are commonly employed. ca 
Among the more exotic systems, which are used under special conditions or ~ 
_ when difficulties are encountered with other methods, are freezing, grouting | 
and electro-osmosis. No single system is satisfactory under all conditions. 
A wise selection of the method which will be most effective and most efficient 


= under the conditions of the specific site considered willresult in minimum ex- : 

3 pense, while unwise selection may result in heavy expense and possibly failure. ee 
Among the factors which must be evaluated and considered in selecting a 

. hs Note. .—Discussion op ‘open until July 1, 1960. To extend the closing date one month, * 

ao request must be filed with the Executive Secretary, ASCE. This paper is on 
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The size and depth of the excavation 
The dewatering and facilities which are available 

h. ‘The methods and with which the excavation \ will be 


must stabilize the sof the order that 

_ slidesor slumping will not interfere with operations or pose hazards to person- 

~ nel or equipment. ‘It must provide a suitable working surface with adry bottom — 

- upon 1 which equipment may move and on which construction operation: may be 
_ carried out with a minimum of interference. It must prevent disturbance of > 
the bottom caused by boils or piping: such disturbance may damage or destroy 
_ the capability of the soil, at and below the bottom of the excavation, to support © 
- ‘the load of the structure and thus require piling or a more expensive type of 

' foundation. These diverse requirements must be accomplished with minimum > 
for equipment and installation, minimum operating charges, and ‘without 


Systems of ground water control may be classified in two, . broad, eunet 


Classes. In the first group are those methods by which the ground water level, _ 
and adjacent to the excavation, is depressed below the bottom of the 


pi bya aystem which collects the water as it drains from ‘the soil and 
pumps it away. In the second group are methods which | interpose a barrier 
preventing the flow of ground water into the excavation. = = ~~ 
Well points, deep wells and sumps are the most commonly used methods of ‘4 
the first group. To assure bank stability, the drawdown line should be kept — i. 
below the bottom and slopes of the excavation. deposits of isotropic ma- 


| dewatering 1g systems. However, \ where the material shows some e stratification, 

_ that is, alternating strata of sand and gravel as is the case for most river i 

orn or glacio fluvial deposits, the permeability in a vertical direction may © 

be only a small fraction of that in a horizontal direction. In these materials 
<n the drawdown curve is much higher than in uniform materials. Intersection of | 

the water surface with the sides of the excavation may occur unless this factor : &g 
4 is recognized in laying out the dewatering system. Analytical methods for he . 

well ‘point or well incetions are usually ‘normal well 


ti that anisotropic ‘materials can be analyzed by the same methods, 


vided the drawdown curves and flow nets are plotted to a distorted scale in 
which horizontal Gimensions are in relation to vertical Cimensions by 


‘an “Seepage Through Dams, *by y Arthur Casagrande, Journal of the New. England pro 
Works Association, LI, No. 2, June 1937. =o 


ncteristics, such as stratification, permeability of the various 
strata and degree of anisotropy of each We 
The distance to a free water supply which will act to recharge the aqui- 
— c. Space limitations, such as property boundaries or interference with [iy 
hme ___d._ The effects of lowering the ground water levelupon adjacent structures, [ii 
| ve 
a 
= 
the ratiog Kmax/Kmin and the equivalent coefficient of permeability is given by 


GROUND WATERCONTROL 


no vertical migration of the water. a Consequently, c control of ground water in a 
_ the upper aquifer, as by the well point system shown on Fig. 1 will not relieve ie 4 

_ pressures in deeper lying aquifers. Drainage of aquifers which occur below aos 


the: bottom of the excavation is essential to os or distance below wad 


‘exceed the hydrostatic | pressure a at plane A-A. - For purposes of analysis, a > 

a 


and s since the wet is about 125 per ft and at balan 


& 


the hydrostatic pressure at given elevation. It is apparent that the rough rule 
of thumb may be developed that any aquifer which lies at a depth below the 
; ‘bottom of excavationof less than1.3 times the maximum height of ground water 
[mm €6=.above the bottom of the excavation should be drained in order to prevent ex- 
| ae bottom pressures. Such drainage may require pumping of wells or 
well points, but frequently it may be accomplished simply by driving wells or | 
well points to the ‘stratum and permitting them to flow into the excavation — 
porn the water can be collected and pumped out. 
_ Analyses of well or well point systems for use in highly stratified materi- 
_ als can not be based upon common well formulae for ordinary wells; rather 
_ they must be based upon artesian flow conditions. Formulae and methods of ned 
analyses developed? by P. T. Bennett may be used in the of dewater- 
— ~ work horse of American dewatering practice is the common well point. ; 
- This is a small diameter well which is jetted or driven to the desired ele-— 
vation and connected to a header system, which in turn leads to a pump. . Itis re 
relatively inexpensive to install. It is flexible in its operation since additional ee 
points may be added ‘if experience indicates the necessity, and the equipment 
and facilities have been developed and proved over long years of experience. 
The equipment is readily available on a rental or purchase basis. — There are i 


in which the downward unit pres pressure of soil and contained water and P is 


and operation, and camtie of analyzing: and developing the | necessary ‘systems. 
_ However, well points have certain disadvantages. The maximum drawdown 
is limited to about bd ft to 18 ft below the center line of the header; thus, for 
excavations, two o oreven three Stages of well headers and pumps 


ility, it is neces- 
a iping. To assure stability, it in 
boils in the bottom an aa 
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, and limit the types of equipment used = Entrance losses to the well points are 
& can be handled by any ‘individual point i is - limited. "They are best adapted to y 
4 ‘sandy, or even finer, materials. In highly pervious materials, such as coarse 
gravels, | the spacing» gee to handle the water may be so close that well 
points become impractical. In openwork materials, such as are occasionally 
- encountered in the Columbia River area, they may not be usable. Because the 
_ well strainer is only 2 ft long, we consider the use of a sand drain around each 
point desirable practice in all except extremely uniform materials. A ‘sand 
drain : is mandatory in materials which are definitely stratified to assure —_ 
all straia within the limits of the well points are drained. = | 
Large diameter deep wells h have been used extensively in Europe and on a es 
to jobs in the | United States for r dewatering. In these installations, the areato 
be excavated is surrounded by a number of wells driven through the various | 
aquifers and to sufficient depth to protect against uplift pressures under the — 
~ bottom of the excavation. A deep well pump is set in each, , which discharges y 
through a 2 suitable header system. Well diameters used are commonly 6 in. | 
- to 15 in. and one job used 22 in. diameter wells. Wells may be spaced 25 ft to - 
100 ft or more apart, depending upon the conditions and the depth to which ol 


' _ that the second and third stages of well points are installed may add to the cost — 


essential. the wells may be gravel packed o ora gravel wall 
; be developed around them by surging the various aquifers. = oi 
“Deep wells have t the advantage t that the entire ‘system, including headers, can an 


or large equipment. x They have the disadvantage that the individual wells are 
a relatively expensive and adding additional wells, in the event that the original 
‘ number specified is inadequate, can be slow and difficult. Consequently, each 
¢ systems require carefuland detailed analysis prior to the start of construction, 
and driving and testing of one or mo more test wells may be necessary in order to 
Open sumps are possibly oldest method of controlling ground water in 
_ excavations. — As commonly built, Simply by digging a small hole without pro- 


a sump, they a are e limited to > small drawdowns and ‘modest quantities of water, and — 
have little to recommend them. Properly designed, however, with adequate 
depth, ‘size, and with the banks and bottom protected by suitable graded filters 

juita 

to prevent movement of the soil, they can be extremely useful, especially in — 
dewatering very pervious material, such as openwork gravels. 

Fig. 2shows a section through the large sumpused to dewater the first stage 
_ cofferdam of the Rocky Reach Hydro- -Electric project. It intercepted and con- 
c trolled water entering the cofferdam area through | the pervious abutment on | 7 
_ the east side of the river. The sump was excavated by drag line and the filters 
ower through water before the pumps were installed | and the ground water 


lowered. This sump was approximately 30 ft deep. it was designed to collect 


> 


stage of El. 650, the general floor of the excavation being El. 600. During the _ 
1957, it reached a maximum ‘pumping (of ,000 pm 


and discharge a maximum quantity of seepage of about 160,000 gpm at a oe a . 
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_ open excavation might ieee the foundations of adjoining structures, ol 
= open water surrounds or abuts the cofferdam onone side. Typical appli- 


cations include bridge piers and the intake and discharge structures for the . 


L _ Where sheeting can not be driven to a cutoff on an impermeable material, 
“guch as a Clay stratum or bedrock, at reasonable — below the bottom of the 


circulating water for large steam power stations. 


> — _VIEW OF EAST BANK COFFERDAM OF ROCKY REACH HYDRO PROJECT ‘ 4 
: DURING FLOOD OF 1957. LARGE SUMP IS AT UPPER LEFT : 


excavation, seepage under the sheeting and | up into the excavation must be con- 


trolled and removed. It can be shown by a simple flow net that in uniform ma- 

terial a a penetration | of the sheeting below the bottom of the excavation equal to 

the height of the water above the bottom of the excavation is adequate to provide 
protection against piping or other disturbances of the — 
This is not true in Stratified material and such a a depth of sheeting pene- 


Fig. 4. Because of the relative permeabilities of the two strata, A and B, verti- 
rc _ calseepage flow is restricted and the pressure at point X may be almost equal 
: f to the full hydrostatic pressure at that point, the entire loss of head occurring 

between points X and prevent piping or boils, it is essential that the 


4 a river stage of El. 638.5. 18 4 general 
__Sheeted cofferdams are commonly used where space lim 
— 
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Sheathing be driven deeper ir in Stratified soils, or that a ‘suitable ‘relief system, ' 
— such as well points or wells must be provided | to reduce the pressure in the 
4 aquifers underlying the bottom of the excavation. Also, in stratified soils, 
: leakage through the interlocks may cause excessive pressures in aquifers be- 
a the bottom of the excavation and relief by drainage may be necessary. He " 
_ Except when the sheeting can be driven to a cutoff, provision must be made 
-- saan and discharge seepage which enters the excavation in such a manner 
as to prevent its interference with construction operations, , especially concret-_ 
: ing. . This may y be done by a system of 1 well points within the cofferdam or the _ 
. 4 seepage may be collected at the bottom of the excavation. A typical collection | 
P - system at the bottom of the excavation is shown on Fig. 5. This was the sys- 
tem used the circulating water intake cofferdam of the Elrama Station of 
‘Duquesne Light Company, near Pittsburgh, Pa. ‘The cofferdam was over 
excavated by about 6 in. anda layer of gravel suitable graded to serve as a 
«filter was placed over the entire bottom. © An open-joint tile drain was aa 
constructed in this gravel layer leading to a single central sump, , approximate 
location and cross sectionof this drain being shown. Fig. 6 is a picture within 


‘the construction. The bottom of the was complete - 


al 


= 
‘FIG. —BACKING OF STEEL PILING TO PREVENT DISTORTION 
; ly dry and concrete was placed directly over the surface of the gravel without 
interference from water percolating upward through it. st” 
; _ The material at this site is somewhat stratified. To protect against pres- 
“sures beneath the bottom of the excavation, especially in the event of high water _ 
i _in the river, open piezometers were installed at various locations within the 
excavation and instructions given the construction organization to flood the — 
in the event the piezometers overflowed. or 
-.. Bracing of sheeted cofferdams requires careful analysis, especially when 
_ the cofferdam extends into river banks, in which case the soil loading on one 
_ may be significantly ‘different from that on the other. Occasionally, ie 
a order to permit the use of light sheeting and bracing, it may be found desirable 
= to dewater around the outside of the cofferdam, using well points or a similar 
system. _ We have generally found, however, with deep section Z sheeting that 
_ the cost of dewatering systems, including their installation, maintenance and 
operation, exceeds the cost of the heavier bracing required if no attempt is 4 
- made to dewater outside the cofferdam and the sheeting is designed for the full 
soil pressure and hydrostatic pressures. To prevent distortion which might 
= cripple it, heavily loaded deep arch or Z ‘sheeting should be blocked at each 
-waler, as shown on Fig. 7. This blocking should be set carefully and tightly _ 
ce wedged | to assure that it will carry loads with a minimum of —— 
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oo Bracing systems for sheetedcofferdams may be either of wood or steel, the i, 
former being generally used only for the smaller cofferdams of limited depth. 
Steel walers may be field-assembled, using either welding or high strength _ 
Baer . Since sheeting can never be driven perfectly to line or to length, pro- — 


vision must be made for adjustment in field connections. The bracing system 


must be so arranged and walers so located in elevation as not to interfere with 
construction of the permanent structures within the cofferdam. . Removal of 
the lower. bracing systems may be necessary as the permanent structure is 
constructed, the load being shifted from the bracing to the permanent structure | 
_by backfilling between it and the ati or by pouring the structure directly 
Occasionally, materials other than wood or steel are used for cofferdam 
bracing . Fig. 8 shows the circular cofferdam used for the second circulating — 
water intake on the Venice No. 2 Power Station of the Union Electric Company. — 
This cofferdam, which was 100 ft in diameter and 5 ft deep, was supported 
entirely by two reinforced concrete ring wales. The interior of the cofferdam _ 
was completely open, there being no cross bracing. Excavation was by means 
of a small dredge floating in the cofferdam. 3. Colby has presented? a 
complete description of the design and construction of this cofferdam. — ee 


_ Water contained in a semipermeable mass will move toward the cathode in 
_ the presence of an electric field. If the cathode is a well point, the water which 
collects z at it can be removed by pumping. It is ont these principles that a 
osmosis is based. > It is used primarily with fine grained soils, such as silts, 
where the electrical forces added to the gravitational seepage forces can great- 


a: ly increase the rate | at which water can be removed from the soil mass and 


niques of application are relatively undeveloped here. Expert advice and 7 


a. thereby stabilize it. a has not been used widely in this country and the tech-_ 


_ guidance should be employed both for analysis and diatan of the system if 
Grouting of permeable er has 
- beenused in Europe both under dams and temporary structures, ‘such ; as coffer- 
dams for hydroelectric development and around excavations. Grouting has 
a been used to a much lesser extent in this country. However, interest in the 
= process is increasing and we may expect to see greater use of it, especially e ; 
5 since new chemical grouts specifically adapted to this purpose have been de- 
veloped. Several firms have entered the field and it it is S anticipated that con- 
- tinued use will result in greater experience and acceptance. Grouting materi- 
- used include cement, clay or mixtures of the two, asphaltic products and 4 
_ chemical grouts, such as soluble silica with a suitable reagent to cause gell- : ; 
ing, chrome-lignin and, ‘most recently, monomers, such as AM-‘ -9, 
which: polymerize after injection into the soil. ij 
the present time, grouting is relatively apninaline and its use is generally © 
_ limited to ‘Special problems or as an adjunct to other methods. oi It had been 
4 planned to . construct the east abutment of the spillway section of the Rocky 
eo ‘Dam within a sheeted cofferdam driven to rock. n Boulders, however, 4 
_ were encountered which prevented driving the sheeting to rock, with much of © 
the sheeting hanging up 8 to 10 ftabove the bedrock surface. Further, the rock — 
‘surface was extremely irregular and seating the sheeting - upon the rock sur- el 
ee to form a tight joint, even when it reached, was virtually impossible. 


4 “Design and Construction of a Water Intake,” by W. S. “Journal 
a the American Concrete Institute, V. 21, No. 7, March 1959, p. 497- 508. - 
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“FIG. 8 .—CAISSON FOR INTAKE STRUCTURE OF VENICE NO, 2 POWER PLANT. 
7 7 “THE UPPER CONCRETE RING WALE IS IN PLACE AND THE LOWE ‘oo 


. 


‘IG. 9. EXCAVATING Ft FOR FOUNDATION OF EAST ABUTMENT OF ROCKY REACH 
4 PROJECT, A WALL OF GROUTED GRAVEL IS SHOWN ALONG LEFT SIDE 
” _ OF PICTURE, ONE OF THE LARGE BOULDERS WHICH IMPEDED r- 


—_ 
ag 


was, in turn, overlain by clay. Ground water level was ‘approximately 


25 ft above the bedrock surface. Under these conditions, the Contractor elect- : 
ed to grout the gravel around the cofferdam to permit excavating to bedrock — 
and placing the concrete . Fig. 9 shows a photograph taken inside the coffer-— ; 

during the construction of the abutment. tip of the sheeting is about 
_ 8 ft above bedrock surface. The wall against | which concrete is to be placed 
is an unsupported wall of grouted gravel with th approximately 20 ft to _ of 
Fre ing has been nie to a limited extent in this ‘country for ne of 
round water. The most recent and largest application has been for excavation 
of the foundation of the Gorge High Dam on the Skagit River for the City of 
Seattle, Department of Light and Power. Here an ice -cofferdam was construct- — 


water level. The first of ie of these installations has been completed and the 

‘There is little data on the relative cost of the freezing processes, 
i but it is believed this method is expensive. _ In the design of ice barriers, it 


must be kept continuously in mind that any leakage is a heat source and the © 


greater the leakage the more heat is brought to a restricted area. Consequent- — 


: ly, such barriers tend to be dynamically unstable. To protect against this and ] 
* against sprogymnting in seepage characteristics of the soil, it is essential that | 


i 2 4 able if any possibility of 


known that they need little discussion. Briefly, lowering the ground water level | 
in a stratum of soil effectively loads it and all strata below it, since the ef- : oe 
¥ fective stresses are increased. Thus, lowering the ground water level by 10 ft 
— equivalent to placing over the area a surcharge load of 625 psf. Settlements | 
from such loads can be considerable and they may extend over wide esa 
where the ground water level is lowered over anextensive area by a large and 
= continued | dewatering system. ‘Possible effects of such ground \ water lower- 


a ‘The effects of ground water lowering on adjacent s structures are sO ae 


game, such as deterioration of wood piles if untreated, which would be — 


struct by lowering the ground water level. — _ This is a a serious problem for 
major construction, such as subways, where . ground water levels in an area’ 
may be down for long periods of time or where drainage provided along such © 
structures may cause a permanent lowering of the ground water level. i See 
- While discussion thus far has been directed toward the control of ground ye 
_ water, control of surface water adjacent to excavations is also important. yz q 
_ is essential that the surrounding area be properly drained; otherwise, water 
* seeping into the soil may add appreciably to the quantity of water which must _ 
be handled in the dewatering system. Provision must be made in the dewater- _ 
ing system to discharge the water removed at a safe distance away from the — .- 
excavation and in sucha manner that it will not find its way back. To do other- — 
: i wise “may add considerably to the pumping costs. Severe erosion of banks may _ 
_ occur with resulting collection of debris and loose material in the bottom of © 
baw excavation, unless proper drainage is provided to prevent the water from 


— 

| 
= 
| 
| 
| 
— 

ecessary to freeze the material The power source obviously must be de- 7 
jesir- 
| — 
— 

ve 
af 


GROUND WATER CONTROL 
collecting and discharging down the slopes. With sheeted excavations, it is es- 
sential in the event of long « or intense rains that surface - water be collected ia 
- discharged away from the sheeting, since water percolating downward along the © 
sheeting may result in developing hydrostatic pressures “upon the _— sub- F 
4 stantially in excess of design loadings. % | 


_ The broad general principles of dewatering : ane the factors which must be 
considered in any dewatering system have been summarized in this paper. 


‘the character and physical properties ‘of the soil to a substantial | depth below 
the bottom of the excavation and evaluation of piezometric levels which may 
occur during the construction period in the various aquifers. Succeeding papers 
will discuss these matters in greater detail, including investigations, methods 
of analysis for various types of ground water control systems, observations 
on the practices and principles of installing and operating ground water con- 
trol systems and several papers covering actual installations, Se the 
application of these theories and methods to practical problems. _—- | 
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CONSTRUCTION DIV ISION | 
of the American Society of Civil Engineers 


EPOXY RESIN | FOR STRUCTURAL REPAIR ¢ OF CONCRETE PAVEMENT | 
A. M. ASCE and Pinkstaff? " 
SYNOPSIS 


» 


Eo Laboratory of the Corps of Engineers in formulating epoxy resins that 


will satisfactorily repair surface defects in postinnd cement concrete 
_ pavements, that will bond the venarenne surfaces of concrete together, — 
will bond new concrete to existing concrete. It also the 
field application of the resulting epoxy resins. m 


In the program of concrete runway construction in the North Central De 

= vision of the Army Engineers there has 3 developed a need for a suitable ma- 
terial to make economical structural repairs of concrete pavements. hs Epoxy 
_ type resin was evaluated for this purpose in the laboratory and found to function — 
ian satisfactorily when tested under simulated field conditions. The resin was then = 

= used to ‘repair surface defects, to bond _two adjacent pavement slabs, and to 
bond new concrete Slabs to existing conc rete pavement. ene following is a de- 


—_ —Discussion open until July 1, 1960. To extend the > closing date one month, a 7 
-_ written request must be filed with the Executive Secretary, ASCE. This paper is part 
the Construction Division, Proceedings of the American of Civil Engineers, 
Soils and Materials Beench, U. S. Army North Central , Chicago, 


is 2 Genl. Materials Engr., U. S. Army Engr. Div., North Central, iets il. “eee 
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The epoxy resin us used Epon 820.3 This. isa liquid r resin 
_ with an epoxide equivalent of 175-210, an average molecular weight of 350-400, 
anda viscosity at 25° C of 4,000-10,000 centipoises.4 Since the epoxy resin is" : 
4 too brittle when cured alone for the desired use, it was flexiblized with Thiokol - -~ 
- LP-3 (Thiokol Chemical Corp.). This is a long chain aliphatic liquid polymer 7 ; 
containing disulfide links and reactive terminals. 3 has a — 
gravity of about 1.27 and a viscosity of from 7-12 poises.° _ The resin system 
was catalytically co-cured with DMP-10 (Rohm and Haas Co. ) dimethyl amino — 4 
methy! phenol) which is one of the more active tertiary amine catalysts. 


activity is ; such that | it A scars effect a cure of an Epon 820- ‘Thiokol LP-3 mixture 


at room temperature. - Inert fillers were added, as subsequently indicated, to 


4 
7 potion the costs and to obtain desirable working properties. The gray color _ 
- the concrete pavement was nearly duplicated by adding titanium dioxide pig- 


ment to obtain a white opaque mix mixture , after v which lamp black ack was added to { 
obtain the desired shade of gray. For some applications the gra color would 
45 not be necessary since the cured resin would not be visible.* . Se 
iy Since the epoxy resinsystem cured without a flexiblizer tends to be brittle, — 
and the addition of flexiblizer increases the percentage compressive strain, it 
seems obvious that for structural concrete pavement repair the amount of 
- flexiblizer added to the epoxy resin should optimize strength versus flexibility a 
of the cured resin system. It was therefore desirable to compare the per- q 
centage compressive strainof the resin formulations at a nominal compressive 
_ for concrete, such as 5,000 psi. ‘The: -most desirable formulation was then | 
the one that had a percentage compressive strain at 5, 000 psi compressive — Mu 
stress that most nearly approached that of concrete, yet contained 


+! flexiblizer so that it did not exhibit any tendency to be brittle. Sue 
It should be ~o- that the number of tests were insufficient for a na de- 


of the material to chemicals and water immersion 


‘The stress- strain properties of the cured resins were determined according 

ASTM D 695-54, | “Compressive Properties of Rigid Plastics.” Test speci- 

mens were obtained by pouring the mixed resin into a cylindrical plastic mold — 


_ Whose dimensions were e3/4 i in. by 1- “1/2 i in. n. long. After the most suitable resin 


ite. the resin was tested in the laboratory by repairing concrete beams that : 
te broken in flexure. These tests were intended to duplicate field appli- 
cations, and the results were compared with the unpatched strength of each 

beam. Three types of resin systems were tested, although basically they pos- re 

. peso much similarity. _ These were a liquid resin system, a a mortar- -type 


‘resin s stem, and a a thixotro ic- e > resin syster 


Shell Chemical Corp., , Technical bulletins, “Epon Resins,” Feb., 1958; es ins 
- For Structural Uses,” April, 1957; “Recommendations | For Handling Epon Resins And © 
Auxiliary Chemicals In Manufacturing Operations,” May, 1957. 

” oa “Epoxy Resins, Their Applications and Technology,” by Henry Lee and Kris Nevi 

oM McGraw - Hill Book Company, New York, New York, 1957. — 

; a 5 Thiokol Chemical Corp., technical literature, “Thiokol Liquid Polymer / Epoxy 
i is Casting Compounds,” Sept., 1954, and “Thiokol Liquid Polymer / Epoxy Resin 


6 “Epoxy Resins,” by Irving Ghotet, Reinhold Publishing Corp., New York, New York, | 
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‘The resin intended to be for application pour-- 
‘ing into vertical cracks of relatively narrow cross section compared to their | 
depth. They would thus be ) inaccessible 5 for the application of a resin patch ex-— 
cept by this ora similar method of application. specific problem that 
_ prompted the desire for such a material was to provide structural strength 
across a sawed contraction joint after a contraction crack had developed very 
close to the sawed joint. An example of t this type of pavement failure is shown 
in Fig. 1. It was anticipated that in some instances one methodof r repair would 
be to patch the sawed joint and then to allow the adjacent crack to serve the — 
a function of the patched joint. This type of resin system could, of course , be . 
adapted to repair a great variety of defective areas other than sawed contraction 
= It was first experimentally determined that the amount of Thiokol LP-3 to. 
used | for this purpose should be approximately 40 parts per hundred parts 
of Epon 820. ye _ Three mixes were then prepared in an attempt to obtain more 
- compressive stress at a reduced compressive strain by reducing the amount — 
of Thiokol LP-3 flexiblizer. Three mixes were prepared which contained LP- “3 
at 40, 35, ,and 30 parts p per hundred of Epon 820. Otherwise they were the same. 
In Table 1(b) are the approximate results which were read directly from the 
_ stress-strain curves shown in Fig. 
‘From | the standpoint of durability and impact resistance, 40 parts of Thiokol 
_LP-; 3 would be the most desirable, providing its stress-strain ot 
were satisfactory for its intended use. At 30 parts of Thiokol LP-3, the cured 
a tends to be brittle. In both of the 30 parts compression specimens, 25 
= seemed evident at approximately 0.012 in. per in.compressive strain. 
_ The proportions of the two container system for 40 parts of or LP- 3 
per hundred parts of Epon 820 are shown in Table l(c), 
In order to get an estimate of the amount of salen required for a par- 
ticular application, it is necessary to know the number of pounds of each in- : 
- gredient contained in each cubic foot of the cured resin. Since the resin cures 
- at nearly constant volume, the quantities of the materials used constitute the 
quantity of the cured resin. + The amount of each ingredient in 1 cu ft of the 
cured resin for 40 parts of Thiokol LP-3 is shown in Table  1(d) a 
_ In order to determine the usefulness of the resin system for the purpose 
for which it was intended, concrete flexural beams were mended with the resin 
r: order to simulate the field conditions. . Also smooth | ends of two | concrete 
" — which had beenused for field flexural tests were joined together with a 
1/4 in. wide patch over their entire cross section. This is shown in Fig. 3. In 
_ all five flexural beams 6 in. by 6 in. in cross section were cast with a simu-— 
lated dummy joint. . The mold used was 36 in. long. The flexural strength of 
i. the unpatched end was used as a direct comparison with the strength | of the 7 
_ patched end. The simulated dummy joint was 1/4 ‘in. wide by 1- 1/2 in. deep. 


simulated dummy joint is shown in Fig. 4. Three of the patched joints s were 
broken in simulated compression, that is, the joint was next tothe applied load. 

q Two were broken in simulated tension, that is, the e joint was directly over the 
applied load but on the opposite side of the beam. . Unfortunately the yng 
_ was obviously of inferior quality. This did not nullify the results of the tests, 
however, since the strength of the patched section was compared with ee 


“a tests are ‘summarized in Table 2. 
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_ 1.—PAVEMENT FAILURE NEAR CONTRACTION JOINT 
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TABLE IQUID RESIN SY 


Epon 820 00 gm. ‘Thiokol LP-3_ 
Limestone filler 120. Titanium dioxide 


Grams of Approximate peak Approximate mate % strain 
Thiokol LP-3 stress, strain at peak A at compressive stress 


in psi compressive stress of 5,000 


Proportions 


‘Limestone filler? 120.00 
220. gm 


Pot life, limit 40 min 


Weight % x Cost per 


4 

Titanium dioxide 25.00 | | 


Thiokol LP-3 40.00 (13.56 | 14.09 
Totals =| 295.02 | 100.007 103.9073 


®c 


sin 


ommercial limestone dust such as that used in asphalt pavements. ya ilitiatain 
small lot unit costs. The cost per cubic foot of resin will be considerably reduced in 
larger quantities. ©Limestone filler is assumed to cost $0.01 01 per Ib Ib. a. ‘* 


02 
— 
be \ A 75.02 per cu ft 
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TABLE 2.— FLEXURAL ST STRENGTH T ‘TESTS 
TABLE 2.—FLEXUE 


: 16 days; type III cement; 


1/4 i in. by ‘a. 
dummy contraction joints, 
patched with 40 parts per 
hundred LP-3. Age: 15 days | 
4 type III cement; 7 days 
_ moist cure. Resin: 5 days” 


Smooth end patch 1/4 in. wide 
entire cross section, 
patched with 40 parts per 
hundred LP-3. Resin: air 
cured6days. 


(b) Resin — 


4 


| 


Concrete: 7 days moist cure, 2. 
days air cure; = 


a 1A) in. by 3 in. by 8 expat 
Same cure as above. 


Smooth end patch 1/4 in. wide 
| over entire cross section. 
Resin aircured5 days. 


Concrete: 7 days moist cure, 


type III ce- 


ew and resin: 


cured 5days; new beam cast 


against fractured faces. 
New concrete and resin: moist: 


cured 7 days; new beam cast 


unpatched 
4 
— 
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MORTAR-TYPE RESIN SYSTEM 

The -type resinsystem was essentially a trowelable mixture andwas 

- intended to be suitable for repairing horizontal areas of relatively large cross — 

_ section compared to their depth, especially aggregate “pop outs” and —_— 
5 areas in concrete pavement. The mix was sufficiently viscous to be placed on ae 

the usual pavement grade without flowing from place. 
a _ The filler used was mortar sand conforming to ASTM C 144-52 T, “Agere- i cal 

gate for Masonry Mortar”. Colloidaluncompressed silica was used as a thick- eal 

ening agent to improve the working properties and prevent settlingof the sand. 

Titanium dioxide and lamp black were again used to obtain the desired colo 

Because of the mortar sand this blend is rather difficult to mix and handle. _ 

_ Ther resin system is essentially t the same as that described under the ‘liquid 

resin system intended for pour application. _ ‘The only difference is a filler 

- modification which provides more desirable working properties for this type 

of application and also results in a cost reduction. . The cured resin system i 

was tested in compression after a 5-day air cure. . The most suitable mixes ie 


tested are summarized in Table 3(a). The str onl -strain | n properties were taken 


The mix 45 parts of Thiokol LP- was the most suitable 
nce ‘it most nearly been durability and impact resistance versus stiff- 


Te suitability of the. material for structural surface repair such as “pop 
outs” in concrete pavements was determined by flexural beam tests. Three a 

6 in. by 6 in. _ by 36 in. flexural test beams were cast. After the concrete had — 
attained its initial set, areas were dug | from the concrete to form surfaces that 
Bevery the shape of ellipsoids. _ These areas then : simulated “pop outs” a 

that had formed in the field. — These are shown in Fig. 5. Two ellipsoids were 
formed ' with dimensions of ‘approximately 3 in. x 8 in. x 1/2 in. deep, and two Bes a 

were formed with dimensions of approximately 3 in. x 8 in. x 1-1/2 in. deep. ~ 

_ They were formed 8 in. long to insure that the beam broke through the resin i 

in the center 6-in. span. . The beams were then moist cured for 7 days and air o 

cured for 6 days before patching. The “pop out” areas were then patched with — 

the mix containing 45 parts of Thiokol LP- 3 per hundred of Epon 820. After the 
: a had air cured | for 5 days, the patched beams were all broken with the — 

patched area in compression, that is, with the load applied next to the patched 2 
oe surface. _ Also two smooth ends were mended together from a beam that had 
q previously been used for field flexural tests. The results are shown in Table _ 


Vey: _ The proportions of the two container system containing 45 parts of Thiokol ~. 
LP-3 per hundred parts of Epon 820 are shown in Table 3(c). The quantity of 
each of per cubic foot resin is shown 

a 

oer The - thixotropic resin system was tested for bonding new concrete to old 

+. concrete surfaces. It was originally tested to determine its suitability for bond- 

‘ ing a freshly placed 10 in. concrete slab to an existing 10 in. concrete pave- ; 
-ment. The mix was essentially of the same composition as the liquid resin 
_ system containing 40 parts of Thiokol LP-3 per hundred of Epon 820. Sufficient _ 

Cab-O-Sil thickening and ‘thixotropic agent was substituted for the limestone 
filler to optimize the flow. properties versus the stress- ~strain 
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TABLE 3. TYPE RESIN SYSTEM 


Com 


 Cab- O-Sil Titanium dioxide 


‘Febr ruary, 1960 


Grams Approximate peak — Approximate % Approximate % strain 
“Thiokol LP-3 | compressive stress, strain at peak at compressive stress 


‘cour inpsi | stress 5,000 ) psi 


‘Mortar sand 260.00 DMP-10 10.00 
Cab-O-Sil@ 8. Titanium dioxide 
32.00 gm 
82.00gm 1 cc 
: = 116.5 Ibs per cuf ft 
‘Specific volum me = = T1651 ET 0,0086 ou f ft per 


us plus min 


Weight % x 
density, 
per cu ft 
Lamp black 0,004 | 005 
Titanium dioxide 25.00 


4 
Uncompressed silica. and 


ee 
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om 5. —SIMULATED “POP OUTS” AFTER REPAIRING 
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‘The most suitable mixes of this type tested for structural henitinn between 
‘existing 2 and freshly placed concrete pavement are si summarized in Table 4(b ) os 
The stress-strain properties were taken from the graph shown in Fig. 2(c). 
The mix containing 8 grams or 2.71% of the total mix of Cab-O- ~Silthicken- — : 
_ ing and thixotropic agent was deemed the more suitable since it had less tenden- 
. to sag and flow when spread 1/8 in. a on a vertical concrete | “surface. — 


_ _‘The suitability of the material for actin new concrete to old concrete 7 


faces was tested by casting freshly m mixed concrete next to hardened concrete © 
beams that had been coated with the resin to form a layer approximately 1/8 in 
thick. © Two beams were cast next to old beams with fractured faces, and one } 
‘beam was cast next to an old beam with a smooth surface. _ All the beams, both - 
old and new, contained the same concrete mix. . This was one containing» 7. 8 ‘o 
- sacks of high early strength cement and 39 gal of water per cubic yardof con- 
crete. Photographs of the flexural beams are shown in Fig. 7. The beams _ 
were > patched with the mix containing 2. 71% of Cab-O-Sil. _ The results of the A 


F 's The proportions of the two container system containing 40 parts of ‘Thiokol _ 
LP- 3 per hundred of Epon 820 and with Cab-O-Sil constituting 2.71% of the _ 

ao total mix are shown in Table 4(c). The quantity of each of the ingredients per . 


cubic foot of cured resin is shown in Table 


"4 APPLICATION OF EPOXY RESIN FOR STRUCTURAL CONCRETE ~ 
PAVEMENT REPAIR 


_ The structural | defects i in concrete pavement consisted, for t 
of either vertical | cracks” (Fig. 1) , that usually occurred near a sawed — 
: traction joint and effectively extended through the width and depth of the pave- 
< ment, or surface defects of various sizes. These were usually either agere- : 
_ gate “pop outs” or tornareas that were the result of the joint sawing operation. — 
Tee . One method of repairing the vertical cracks consisted of removing a sec- 
- ‘tion of pavement extending for a distance of 5 ft from the sawed joint, after 


: ms a new section was placed with ajoint being provided between the new and 


old pavement. _ The joint was subsequently filled with epoxy resin to bond one : 
end of the new slab to the existing pavement. ‘The other end of the new section — 
was cast next to the old concrete with the fractured face of the pavement fur- 
: = the necessary interlock for load transfer across the joint thus formed. 
The application of the resin is shown in Fig. 8. ‘The resin was mixed in 35- -Ib- 
During this particular application the weather was wet and cool with | 
an average temperature of approximately 40° F and an average relative hu- 
of approximately 95% and with intermittent precipitation. The joint 
_ was dried with a blow torch and heated slightly before pouring the resin. a The = 
ae will reportedly form a good bond through only a very thin water film. 
To conserve material and to ‘provide heat other than that caused byt the 


surface. After the resin had set, the joint was troweled to grade with the a 
thixotropic resin system, if this were necessary. The procedure was an emer- 

_ gency expedient and expensive. It is elaborated upon because it illustrates an > 

; unusual resin application. A better method consisted of applying the sal J 

Bs topic type resin system to the existing slab before placing the | new slab. ad 
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Composi 
B: 


Th 


Ti 
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820 
Cab-O-Sil 


Limestone filler. 
(b) Stress-Strain Properties 


of 
Cab-O- 
— | 


(2.37% of 
total mix) 
(2.71% of | 


(5. 08% of 

total mix) 


| 


220,00 gm 
Density 97. 469 Ib per cu ft 


: Percentage filler = 49.16 
Percentage Cab-O-Sil thixotropic agent 71% 
10 


Specific volume = 


Weight, 

in 


-DMP-10 
Lamp black 


DMP-10 


compressive stress, strain at 


02 


tion 
iokol LP-3 
tanium dioxide 


Approximate % strain _ 
at compressive stress 


_ Thiokol LP-3 
_DMP- 
dioxide 
black 


Weight % x 
density, lb 


Unit cost Cost 
cu ft of 


3.30 82 01 


= 100.007 


— 
— 
— 
Ive stress | § of 5,000 psi 
— 
— 
— 
i 
25.002 — 
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“BEEN BONDED WITH THIXOTROPIC- -TYPE RESIN — 


SYSTEM 
— 


-—JOINING TWO EXISTING SLABS 


q fr: 40 parts of Thiokol LP- -3 has been used in 35- lb batches as previously men-_ 


EPOXY RESIN 
‘The surface defects, such as torn areas or areas in which aggregate “pop 
- outs” | had occurred, were repaired either by filling the area with the ‘mortar 
type resin system or by filling the volume of the defective area about one-half . 
with the liquid resin system, after which the resin was displaced tothe surface 
the pavement by adding a suitable concrete aggregate. Finally the repaired 
area was smoothed to grade, if this were necessary, with the thixotropic om 
‘The resin » dentetiale were mixed at the job site using an electric drill to . 
which was attached a shaft and propeller. Since the necessary heat for the 
‘ resin system to cure satisfactorily is provided by its own heat of reaction, the © 
_ pot life, or the period of time after initial mixing that the material canbe util- = 
_ ized, will depend on the > amount mixed. For the Same surrounding temperature, 
the larger the batch size the more heat that will be generated by the reaction 
i and hence the shorter the pot life. The amount that can be mixed at one time 
: will therefore depend to a great extent on the surrounding air temperature and 
on how soon after r mixing the material is placed. The liquid system containing 


_ tioned. The severity of the batch size limitation is therefore not nearly as 3 


_ great as might be expected. The material will cure and bond to nearly its full 
strength even if it has reacted to such an extent to become thick or to. greatly 4 
increase in viscosity. The time limitation for its use is that sai can be satis- - 
factorily placed in the : area or on the surface to be repaired. == heii be 

hi The resin materials, especially the Epon 820 and DMP-10, should be regard 
be ed as strong skin irritants. They should be mixed in good ventilation. Neither = 
“the materials nor the fumes should be allowed to come into contact with the 
Cores were taken | through» ‘the joints that were filled with the liquid resin 
and through the joints between the old and new concrete where thixotropic- 

-: was used. Visual examination of these cores indicated that an excellent r. 

_job had been obtained, there was no evidence in any of the cores of bond failure. 


2 one core from a poured joint there was evidence of what must have been a 


_ River Division Laboratory of the Corps of Engineers for testing. Correspond- 
ing cores were taken within 5 ft of the joint at each location and these were _ 
also shipped to the laboratory for testing. All cores were subjected to the © 
s _ tensile splitting test as describedin a paper by Sven Thenlow entitled “Tensile 
; Splitting Test and High Strength Concrete Test Cylinders” published in the” 
i. American Concrete Institute Journal, Jan., 1957. Three of the four cores from a 
= poured joints had higher tensile splitting strength than the corresponding © 
ie = from the concrete near the joint. The fourth core had a tensile splitting nd 4 
strength of 70 psi less than its corresponding core. One of the twocores taken 
x from joints where the new concrete was placed directiy against the resin had - 
a... tensile splitting strength of 80 psi more than the corresponding core from | 
. concrete hear the joint, while th the other core had a tensile splitting — of 


The pavement was placed in service after being repaired. This was 
in the late fall. The pavement was in service during the winter months. The 7 
following 4 ‘months after being repaired, an inspection. 4 


a 
= 
j. pavement. However, the resin had penetrated the crack and completely sur- 
oe — rounded the loose particle so that in the core it was firmly bonded in place. i. ie | 
cores from the poured type of joints and two cores from the joints 
where new concrete was placed directly against the resin were sent tothe Ohio 
p 
| 
* 


was made of the repaired areas. joints were functioning satis- 


_ factorily. The only evidence of any failure of the resin was in a few smallsec- 
reas. Some of these showed a bond > 


~ tions that had been repaired as spalled areas. 
failure alongthe edge of the resin patch. It is now believed that these locations _ 

--were notonly spalls but also included a crack located near the saw-cut and the | 

the These cracks v were as active joints. 


‘= 
tests herein described were conducted by the North Central Division 
hief of 


hed 


7 = 


cor 
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_ ENGINEERING EDUCATION AND THE CONSTRUCTION INDUST a 
GRADUATES FOR WORK IN CONSTRUCTION* 
“DAVID: A. DAY, 1 M. ASCE.. —This attempt to "analyze ‘the 
_ educational needs of the vast construction industry and outline a general solu- : 
_ tion in terms of course areas. . The treatise evidently provoked some serious _ 
_ thinking on the educational problems involved. Certainly ‘much time, thought 
and effort will have to be expended before a completely satisfactory and - 
_ workable solution will be gained. Therefore, it was encouraging and gratifying © 
: this author to read the he discussions of of his | paper by such prominent educa-— 
tors, familiar with the construction industry, as Messers, ‘Danner, Keim and ; 
Stubbs - To think that they could agree in many respects with the original © 
"treatise was most encouraging. But it will take many more thoughtful civil 


4 from the industry to obtain the satisfactory, workable solution for the educa- 
= of engineers for work in construction industry. 


‘The construction industry referred to here, as in the original treatise, is 

the gigantic, far- -reaching activity of our present economic system that 

_ produces constructed works. © This means that the industry deals with the 
planning, design, construction and operation, as Mr. Stubbs so aptly —— 

the phases, of works permanently and solidly attached to ) the earth. In this i: 

| broadest sense, the construction industry holds a position | comparable to the 
manufacturing industry or the petroleum industry. Consequently, just as there = oT 

: are rather specific branches of engineering education providing the majority — 7 
of the engineering graduates for manufacturing and petroleum work, so should 

: it be for the construction industry. It includes the highway and airport plan- . 3 

a ners and designers, the engineers “who design and construct buildings — and 
bridges, those who ‘Operate waterworks and sewage treatment plants, and many 
others. All Of these activities are a a part of the construction industry in its’ 

F broadest sense and that which the U. S. Department of Commerce uses in its 
analyses. It is on this basis that the writer contends that a sound civil engi- 

neering curriculum should particularly benefit the construction industry. Per- 
haps Mr. . Keim interpreted the benefit to be for construction contracting 
businesses only. In that case a good university educator would have to agree 
that the civil engineering curriculum should not be so narrowly directed, any 

more than it should emphasize the ; specialized options in the ‘civil engineering 

Later, Mr. Keim makes the point it that the the generally a accepted « “curriculum © 


should be directed at one goal, vi Zz, a united construction industry and civil 


nt 


is 
Gna 
= 
— 
Dept. of Civ. Engrg., Univ. of D 


February, 196000 


"engineering profession, es not seem to agree with ‘the 


mentioned interpretation of his cmuia disagreement. . Based on this plea for — 
a united effort, most civil engineering educators should agree that their cur- 
_ riculum must benefit the construction industry. Certainly a civil engineering a 
curriculum would I have no purpose in existing apart from a liberal arts and — 
Science program, , if it did not have such a professional focal point. The 
thought that “degree programs at any level directed toward any particular — 3 
- i business, industry, or profession are not education and they are not the busi- 7 
ness of a university,” is far from our American concept of higher education 4 
in many respects. - If this was not true, how would doctors be educated for the al 
medical profession, or attorneys for the legal profession, or engineers for the > 
manufacturing industry ? True, the higher education, to particularly Denefit 
these and other professions and - industries, should not be in the nature of of 
Ss trade schools or technical institutes. _ There is much that universities can and 
. should do to educate their students for both breadth and depth of a 
“i and understanding while still preparing them fora professional or industrial © 
Ae 
career. . This is the viewpoint that suggests a civil 
particularly benefit the construction industry, 
a Civil engineering curricula have been developing and changing with ie 
times } through a long period dating back into the 19th century. Naturally, | 
he have emphasized what educators deemed important at that stage of develop- il 
- ment. — The earliest concern was for engineered works that were designed to 
be technically sound. Thus, the early curricular emphasis was on design and» 
_ the basic and engineering : sciences leading up to it. Then, the age of speciali- fs 
- zation came into the forefront and options were introduced in each branch of 
engineering. _ The options in civil engineering were developed for the areas 
which: suggested the greatest need for further education and specialization, 
such ¢ as structural engineering and sanitary engineering. . The bigger state 
universities, with many students within a curriculum and an abundance of 
favored the option programs. Often the arguments for the options — 
were that there were specialists on the large faculties and the options gave 
these specialists a chance to concentrate and be recognized. Also, with a- 
large student group the association in a smaller option group gave each stu a +f 
dent a stronger sense of | belonging. Of course, neither of these reasons is. 
_ pedagogically sound justification for options, and it appears now that they yare 
thing of the past in most colleges and universities. 
_ These earlier periods of curricular development, with emphasis on design — 
4g then on specializing options, had an adverse effect on civil engineering — 
education for the construction industry. overemphasized certain phases 


phase. Such a lag in | education for the construction field, as Mr. ‘Danner sug- 

gests, is to a definite extent the fault of business and professional people in 

_ the construction field. The majority of them simply refused to acknowledge 
need for men with an engineering education on in their 01 organization u until 
"Now the most recent stage in the development of an acceptable civil engi a 
enninn euetiedinen is well under way. Apparently, it is prompted by a ful z 

‘realization that the typical civil will probably not work 


"graduates may work in such a variety of activities ‘with such diversity of 
problems, in this age of and hat many educators advo- 


a4 

= 

— 

4 
ae = 


; cate greater emphasis on basic and engineering sciences. The danger, then, 
is that the engineering student does not make applications and learn now ( to 
translate the scientific education into practical engineering use. rors mk: 
a Fortunately, the predominant trend in civil engineering education apparent- =) 
> ly is toward a generalized, well-rounded cirriculum to meet the over- -all —_ 
“needs of the construction industry in its broadest interpretation. Such a trend» a 
appeals to those many educators hopeful of a well-balanced, mature approach | 
to civil engineering education. It builds a solid foundation of basic and engi- 
_ neering sciences. It includes enough design and analysis in the various im- _ 
portant fields of civil engineering to facilitate the translation of science for 
practical application. And it introduces enough economics, construction } 
_ methods, and management directed courses to enable the student to appreciate _ 
and w understand the necessary relationships to make his original ideas become an 
reality. Such a well-rounded curriculum allows the student to establish 
some comprehension of a total project as Professor Stubbs described it. Ih 
_ addition, it should enable the civil engineer, who may become a design special- 
ist, to understand construction procedures» and problems that will favorably 
; influence his design solution, as Professor Danner points out. This is the 
sort of generalized, well- rounded — curriculum that has been adopted at the 
"University of Denver, regardless of Mr. Keim’s chiding. The more exacting 
education or training, beyond the fundamentals, necessary for a apectalisation — 
in civil engineering must be learned after completion of the generalized cur- a 
riculum suggested above. This could be gained by graduate study or, as = ; 
the discussers suggested, by ‘self- education in 
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ENGINEERING EDUCATION ‘AND THE CONSTRUCTION INDUSTRY: — 
WHAT THE INDUSTRY SHOULD HAVE FROM THE COLLEGES? 


heme 
"Closure by C. H. Oglesby and | John W. Fondahl 
ne 


diene raised questions that deserve comment: 


1. Mr. Keim indicates doubt as to the valee of college education wepdee - 

° | ‘the fourth year for the student interested in construction. He views further 
j _ study as detail work or training directed towards shortening the period until - 


aman can pay his own way in industry. 
2. Mr. Appel points out that the fundamental function of colleges is to 


teach and desires a more - specific discussion | of the type of research that 
es Mr. Howard comments further on the question of governmental vs. in- 


_ dustry sponsorship of research activity and expresses tl ae conviction that ‘it 
be the function of the industry. 


Insofar as the 4-yr curriculum is concerned, the writers agree with Mr. toe 


Keim that students should be educated as civil "engineers in the broad sense. 7 
longer is there opportunity to graduate a a “construction engineer,” 
structural engineer, a sanitary engineer, or a hydraulics engineer in 4 yr. 3 
F The already crowded curriculum does not permit any degree of specialization, 
and the mounting trend towards additional engineering - science courses makes — 
; it difficult to retain even the introductory professional engineering « courses. - 
q The undergraduate, construction-related program at the University of oe 
fornia, Berkeley, described we Pon de Keim parallels that at Stanford where re- 


limited opportunity for elective courses s in | business administration or con- 

struction equipment and methods are provided. 

enc By implication, at least, Mr. Keim indicates his belief that a year ii in indus- 

try is more important to the civil engineer in construction than isa graduate 
_ year in college. The Stanford civil engineering» faculty and its construction 


industry advisors disagree entirely with him. _ When Sanford embarked on a 
year, graduate - -level construction program in 1956, 


its aim was to give 


that is offered to men interested in structures, hydraulics, or transportation. 
In view of both the complexity of the ees, s problems and the primary im- 


February, 1959, by C. H. John W. Fondahl. 
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fj daring the mecenente period following graduation. Rather it was intended hat 
viewpoints which would be of value in the long- development of 
the individual and the industry itself. Moreover, it was believed that there : 

_ were many courses in civil, industrial, and other ‘branches of engineering a 


_in the Graduate School of Business and other university departments that 
could contribute to a sound education for careers in construction. The ng : 


designation on indicating their field of specialization such 
construction, structural engineering, etc. The point is that construction _ 
recognized as a part of civil engineering in which students can 
== study on a truly professional level. Sea 
Appels’ comments deal with research in the colleges and } 
“4 The writers attempted to be specific in suggestions for types of research that 
might be undertaken by the engineering colleges, the reasons why the — 
were ina favorable position to conduct research, and the criteria for under 
= such work. On the other hand, some of his points call for additional 
comment. . It is certainly true that the fundamental function of a college is to 
—_ 7 However, good teaching means far more than ‘collecting together facts 
about existing practices and passing them on to a new generation. Teaching at 
cid best includes | a quest for new ideas and for better ways of accomplishing | 


_ with the stipulation that it contribute to teaching and not be an end in itself. — 


ys It is true that in some instances the balance between teaching and re- 
search has been lost. There may be faculty members who are poor teachers 
and good researchers or who wish to devote almost all of their time to re-_ 
- search. In the case of tax- supported institutions, funds appropriated for 
teaching may be diverted to research. Likewise | in private institutions money q 
- designated for teaching may at times support a faculty member’s research im 
_ interests. Even so, the writers can testify from their own experience that 
- modest research efforts have enhanced their effectiveness as teachers. % In 


_ their opinions it would be tragic | to allow a few excesses to destroy an effec - 

tive educational instrument. _ 
_ Research has a second important function in education that should not be 7 
overlooked. - Good students, particularly at the graduate level, are drawn pri- 

ad marily by the reputation of the school or department and its individual faculty 

‘members. This reputation is developed large measure through publica- 
a. - that report the results of research activity. Drawing students in this 
“manner helps to maintain the balance between research and teaching since the 
students drawn to a college through the ee of its staff members right- 


Research, then, makes an im- 


and faculty members to participate ix in n it, 
4 


versified faculty. If, for example, each faculty member devotes one third p 
_time to research, a two-man faculty can be increased to three, or a four- -man 
faculty: “six. This is not to suggest, however, that a separate research 


— 
— 
— 
(| not several years behind it. Thus, in this broad sense, teaching and researqh — 
‘> inseparable. The good teacher is continually involvedin researchinhis 
— 
i 
22 
> 
= °F 
portant contribution by bringing outstanding st 
> 


“faculty to so would destroy the usefulness of research to 
_ fourth function of research is to provide financial help for students who — 

“serve as part- -time research assistants. Since any educational program needs 
good students ‘to be successful, and many of them need financial assistance, 
this aspect of research canbe highly important. 
In summary, appropriate research activity heal an an important vo in the 


7 2 Iti improves the quality of teaching; — 
It aids i in n obtaining better students; 


value in return. 
‘value in return. 


The 1 measures of | “appropriate r research activity” in the colleges a are: 


1. “The aim be to add to basic | ‘knowledge or to develop techniques 

-. ‘The activity must contribute to the faculty man’s teaching competence; 
be 3. The research : activity must be in balance with teaching activity and sub- | al a 
_ 4. There must be freedom to publish the results so that the findings are 


Student assistants should ‘participate in the the projects to the greatest 
iiion ‘must avoid projects dealing with design and analysis for which | the funda- 
mental date are already available. This, , in the writer’s view, is consulting 
work, and should be treated as such. If (a) a faculty member has special 
knowledge or talents, and (b) he can handle a specific project and still do — a 
justice to his obligations as a teacher, he should be free to undertake the 
4 work. If he does so, his actions should be governed by the rules of conduct 
Finally there is Mr. ‘Howard’s question of governmental vs. industry spon- 
‘ sorship in research or construction. The writers are in full agreement with 5 
_ Mr. Howard that congo ‘sponsorship is appropriate and more desirable, but 
Early prospects for such sponsorship 
seem poor, at Leent in the engineering construction field with which the | 
writers have closest contact. Suitable projects for the colleges are generally — 
= range and require publication of findings. Individual construction firms 
operate on a short-range basis and feel that they must protect any competitive 
_ advantage that they would gain by sponsoring a research project. _ There are, > 
however, examples of industry- “sponsored research activity in other highly 
| fields such as aircraft and ‘electronics. Possibly these could 
_ serve as a precedent and a research program for construction could be pat- g 
_terned after them. The ‘principal difference is that both of these industries _ 
are research conscious, while construction is not. Possibly, as Mr. 
‘suggests, the colleges may have to educate contractors on the — to all 
of suitable research programs. This may take considerable time. 
_ Regarding government sponsorship or research in construction: Public of- 


fi cis 

beneficiary if construction costs of works projects are » reduced. 

© neared a contractor will benefit the first time the research findings are put to si 
use, , but bids will be lower on similar work in the to come. 
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‘Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy- 
draulics (HY), Irrigation and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil 


ponsorship is indicated by an abbreviation at the end of each Paper Number, the soukele referring to: Air a 
Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors cat 5 


locate papers in the Journals, the symbols after the paper number are followed by a numeral par ste 

_ the issue of a particular Journal in which the paper appeared. For example, _ Paper 2270 is identified as 
2270(ST9) which indicates that paper in the ninth of — the Structural 


1969(ST3), 1970(ST3), 1971(STS), 1972(ST3), 1973(ST3), 1974(ST3), 1975(ST3), 1976(WW1), 1977(WW1), 
1979(WW1), 1980(Ww1), 1981(WW1), 1982(WW1), 1983(WW1), 1984(SA2), 1985(SA2)°, 1986 
PRIL: 1900(EM2), 1991(EM2), 1992(EM2), 1993(HW2), 1994(HY4), 1995(HY4), 1996(HY4), 1997(HY4), 1998 
(SM2), 1999(SM2), 2000(SM2), 2001(SM2), 2002(ST4), 2003(ST4), 2004(ST4), 2005(ST4), 2007 
2008(EM2)°, 2009(ST4)°, 2010(8M2)°, 2011(SMz2)°, 2013(PO2)". 


2023(PL2), 2024(PL2), 2025(PL2), 2026(PP1), 2027(PP1), 2028(PP1), 2029(PP1), 2030(SA3), 
-2032(SA3), 2033(SA3), 2034(STS), 2035(STS), 2036(STS), 2037(STS), 2038(PL2), 2039(PL2), 


JUNE: 2048(CP1), 2049(CP1), 2050(CP1), 2051(CP1), 2052(CP1), 2053(CP1), 2055(CP1), 2056 

2057(HY6), 2058(HY6), 2059(IR2), 2060(IR2), 2061(PO3), 2062(SM3), 2063(SM3), 2064(SM3), 2065 

STS), 2067(WW2), 2068(WW2), 2069(WW2), 2070(WW2), 2071(WW2), 
2 }6(HY6)°, 2077(SM3)°, 2078(WW2)°, 


2080(HY7N, 2081(HY7N, 2083 2084(HY7), 
GA4), 2088(SA), 2089(SA4), 2090(SA4), 2091(EM3), 2092(EM3), 2093(EM3), 2094(EM3), 2095(EM3),2006 
(E283), 2097(H¥7)°, 2098(SA4)°, 2099(EM3)°, 2100(AT3), 2101(AT3), 2102(AT3), 2103(AT3), 2104(ATS3), 
2105(AT3), 2106(AT3), 2107(AT3), 2108(AT3), 2109(AT3), 2110(AT3), 2111(AT3), 2112(AT3), 2113(AT3), 
2114(AT3), 2115(AT3), 2116(AT3), 2117(AT3), 2118(ATS), 2120(ATS), 2120(ATS), 2121(AT3),2122(AT3), 
123(AT3), 2124(ATS), 2125(ATS). 


usT: 2127(HY8), 2128(HY8), 21290HY8), 2130(P00, 2131(PO4 
(SMA), 2135(5M4), 219 (SMA), -2137(5MA), 2138(HY8)", 2139(PO4)° 2140(sM4)°. 


SEPTEMBER: 2141(C02), 2142(C02), 2143(Co2), 2144(HWS3), 2145(HW3), 2146(HW3), 2147(HY9 2148(BY9), 
2149(HY9), 2150(HY9), 2151(IR3), 2152(ST7)°, 2153(IR3), 2154(1R3), 2155(IR3), 2156(IR3), 2157(IR3), 2158 
(IR3), 2159(IR3), 2160(IR3), 2161(SA5), 2162(SA5), 2163(ST7), 2164(ST7), 2165(SU1), 2166(SU1), 2167( WW3) 
2169(WW3), 2170(WW3), 2171(WW3), 2172(WW3), 2173(WWS3), 2174(WWS3), 2175(WW3), 2176 
 (Ww3), 2177(Ww3), 2178(CO2)°, 2179(IR3)°, 2180(HW3)°, 2181(SA5)° , 2182(HY9)°, 2183(sU1)°, 2184 
(wws)®, 2185(PP2) » 2187(PP2), 2188(PP2), 
OCTOBER: 218K AT4), 2190(ATS), 2191(AT4), 2192(AT4), 2193(AT4), 2194(EM4), 2195( EM4), 2196(EM4) 
--:2197(EM4), 2198(EM4), 2199(EM4), 2200(HY10), 2201(HY10), 2202(HY10), 2203(PL3), 2204(PL3), 2205 
-(PL3), 2206(PO5S), 2207( P05), 2208( POS), 2209( POS), 2210(SM5), 2211(SM5), 2212(SM5), 2213(SM5), 2214 
(SM5), 2215(SM5), 2216(SM5), 2217(SM5), 2218(ST8), 2219(ST8), 2220(EM4), 2221(ST8), 2222(ST8), 2223 
(STB), 2224(HY10), 2225(HY10), 2226(PO5), 2227(PO5S), 2228(PO5), 2229(ST8), 2230(EM4), 2231(EM4), 


2267(SA6), 2268(SA6), 2269(HY11)°, 2270(ST9). 
DECEMBER: 2271(HY12)°, 2272(CP2), 2274(HW4), 2276 
(twa), 2279(HW4), 2280(HW4), 2281(IR4), 2282(IR4), 2283(IR4), 2284(IR4), 2285(2 2286(PO6), 2287 
(P06), 2288(PO6), 2289(PO6), 2290(PO6), 2291(PO6), 2292(SMS), 2293(SM6), 2294(SM6), 2295(SM6), 2296 
(SMB), 2297(WW4), 2298(WW4), 2299(WW4), 2300(WW4), 2301(WW4), 2302(WW4), 2303(WW4), 2304(HW4), 
2305(ST10), 2306(CP2), 2307(CP2), 2308(ST10), 2309(CP2), 2310(HY12), 2311(HY12), 2312(PO6), 2313(PO8), 
2314(ST10), 2315(HY12), 2316(HY12), 2317(HY12), 2318(WW4), 2319(SM6), 2320(SM6), 2321(ST10), 2322 


— ae, 2324(CP2)°, 2328(PO6)°, 2329(ST10)°, 2330 


JANUARY: 2331(EM1), 2332(EM1), 2333(EM1), 2334(EM1), 2335(HY1) 2337(EM1), 2338(EM1), 
2339(HY1), 2340(HY1), 2341(SA1), 2342(EM1), 2343(SA1), 2344(ST1), 2345(ST1), 2346(ST1), 2347(ST1), 
 2348(EM1)¢, 2349(HY1)°, 2350(ST1), 2351(ST1), 2352(SA1)°, 2353(ST1)°, 2354(ST1). 
FEBRUARY: 2355(CO1), 2356(CO1), 2357(CO1), 2358(CO1), 2359(CO1), 2360(CO1), 2361(PO1), 2362(HY2), 
-:2363(ST2), 2364(HY2), 2365(SU1), 2366(HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(HY2), 
2372(PO1), 2373(SM1), 2374(HY2), 2375(PO1), 2376(HY2), 2377(CO1)°, 2378(SU1), 2379(SU1), 2380(SU1), 
2381(HY2)°, 2382(ST2), 2383(SU1), 2384(ST2), 2385(SU1)°, 2386(8U1), 2387(SU1) 
_2390(ST2)°, 2391(SM1)°, 2392(PO1)". 
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